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Dbab  Sib: — 

Ix  seems  pecnliailj  appropriate  that  this  yolome  should  be  dedicated  to 
700.  Knowing  the  eminent  esteem  in  which  700  are  held  in  the  drdes  of 
European  science,  I  cannot  doubt  that  the  distinguished  anthors  of  the  fol- 
lowing essays  would  cordiall j  approre  this  connection  of  your  name  with 
their  introduction  to  the  American  pubHc. 

There  is,  besides,  a  further  reason  for  this  in  that  large  coincidence  of 
porpose  which  is  manifest  in  their  labors  and  your  own.  For  while  the  per> 
Tading  design  of  the  present  collection  is  to  widen  the  range  of  thought  by 
imfcdding  a  broader  philosophy  of  the  energies  of  nature,  your  own  compro- 
hensiTe  course  of  research — beginning  with  an  extended  series  of  experi- 
mental inrestigations  in  chemical  physics  and  physiology,  and  rising  to  the 
consideration  of  th«t  splendid  problem,  the  bearing  of  science  upon  the  ffit* 
tory  of  the  InteQectual  Development  of  Eur(^>e — has  powerfiiUy  contributed 
to  the  same  noble  end ;  that  of  derating  the  aim  and  enlargbg  the  scope  of 
scientific  inquiry. 

I  ^adly  ayail  mysdf  of  tins  occasion  to  say  how  greatly  I  am  indebted 
to  your  writings,  in  which  accurate  and  profound  instruction  is  so  often  and 
happfly  blended  with  the  charms  of  poetic  eloquence.  That  you  may  lire 
long  to  e^joy  your  well-won  honors,  and  to  contribute  still  further  to  the 
triumphant  adrance  of  sdentifio  truth,  is  the  heartfelt  wish  of 

Yours  truly, 

K.L.  Y. 


PREFACE. 


Lr  his  address  before  the  British  Association  for  the  Advanoe- 
ment  of  Science  last  year,  the  President  remarked  that  the  new 
views  of  the  Correlation  and  Conservation  of  Forces  constitute  the 
most  imi>ortant  discovery  of  the  present  oentorj.  The  remark  is 
probablj  jost,  prolific  as  has  been  this  period  in  grand  scientific  re- 
sults. No  one  can  glance  through  the  current  scientific  publica- 
tions without  perceiving  that  these  vieWs  are  attracting  tiie  pro- 
found attention  of  the  most  thoughtful  minds.  The  lively  con- 
troversy that  has  been  carried  on  for  the  last  two  or  three  years 
req>ecting  the  share  that  different  men  of  different  countries  have 
had  in  their  establishment,  still  further  attests  the  estimate  placed 
upon  them  in  the  scientific  world. 

But  Httle,  however,  has  been  published  in  this  country  upon  the 
subject ;  no  complete  work,  I  believe,  except  the  admirable  volume 
of  Prot  Tyndall  on  ^^  Heat  as  a  Mode  of  Motion,"  in  which  the 
new  philosophy  is  adopted,  and  applied  to  the  explanation  of  ther- 
mal phenomena  in  a  very  clear  and  forcible  manner.  I  have,  there- 
fore, thought  it  would  be  a  usefid  service  to  the  public  to  reissue 
some  of  the  ablest  presentations  of  these  views  which  have  ap- 
peared in  Europe,  in  a  compact  and  convenient  form.  The  selec- 
tion of  these  discussions  has  been  determined  by  a  desire  to  com- 
bine clearness  of  exposition  with  authority  of  statement.  In  the 
first  of  these  respects  the  essays  will  speak  for  themselves ;  in  re- 
gard to  the  last  I  may  remark  that  all  the  authors  quoted  stand 
high  as  fonnders  of  the  new  theory  ^  forces.    Although  I  am  not 
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awftre  that  Prof.  liebi^  has  made  any  claims  in  this  direotion,  yet 
it  can  scarcely  be  doubted  that,  his  original  researches  in  Apimal 
Chemistry  tended  strongly  toward  the  promotion  of  the  science  of 
Tital  dynamics. 

The  work  of  Professor  Grove,  which  is  here  reprinted  in  fall, 
has  a  high  European  reputation,  having  passed  to  the  fourth  edi- 
tion in  England,  and  been  translated  into  several  continental  lan- 
guages. It  is  hardly  to  the  credit  of  science  in  our  country,  that 
*  this  is*,  the  first  American  edition.  The  eloquent  and  interesting 
paper  of  Helmholtz,  though  delivered  as  a  popular  lecture,  was 
translated  for  the  Philosophical  Magazine,  and  has  been  very  highly 
appreciated  in  scientific  circles.  The  three  articles  of  Mayer, 
which  were  also  translated  for  the  Philosophical  Magazine,  will 
have  interest  not  only  because  of  the  great  ability  with  which  the 
subjects  are  treated,  but  as  emanating  from  a  man  who  stands  per- 
haps preeminent  among  the  explorers  in  this  new  tract  of  inquiry. 
The  researches  of  Faraday  in  this  field  have  been  conspicuous  and 
important,  and  his  argument  is  marked  by  the  depth  and  clearness 
which  characterize,  in  an  eminent  degree,  the  writings  of  this  ex- 
traordinary man.  The  essay  of  liebig  forms  a  chapter  in  the  last 
edition  of  his  invaluable  ^Familiar  Letters  on  Chemistry,'  which 
has  not  been  republished  here ;  and,  as  it  touches  the  relation  of  the 
subject  to  organic  processes,  it  forms  a  fit  introduction  to  the  final 
article  of  the  series  by  Dr.  Carpenter,  on  the  ^^  Correlation  of  the 
Physical  and  Vital  Forces.''  The  eminent  English  physiologist  has 
worked  out  this  branch  of  the  subject  independently^  and  the  pa- 
per quoted  gives  evidence  of  being  prepared  with  his  usual  care 
and  ability.  A  certain  amount  of  repetition  is  of  course  unavoida- 
ble in  such  a  collection,  yet  the  reader  will  find  much  less  of  thia 
than  he  might  be  inclined  to  look  for,  as  each  writer,  in  elaborating 
the  subject,  has  stamped  it  with  his  own  originality. 

In  the  introduction  I  have  attempted  to  bring  forward  certain 
fieusts  in  the  history  of  these  discoveries,  in  which  we  as  Ameri- 
cans have  a  special  interest,  and  also  to  indicate  several  applications 
of  the  new  principles  which  are  not  treated  in  the  volume.  It 
seemed  best  to  confine  the  general  discussion  to  those  aspects  of  the 
subjept  upon  which  most  thought  had  been  expended,  and  which 
may  be  regarded  as  settled  among  advanced  scientific  men«  But 
there  are  other  applications  of  the  doctrine,  of  the  highest  interest, 
which  though  incomplete  ar^yet  certain,  and  these  will  be  found 
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brieAj  noticed  in  the  introdactor/  obsorvations — too  bricSj,  I  fear, 
to  ba  Mtia&ctor;',  Tlioso,  boweyer,  who  desire  to  pursue  itiU 
fnrtber  this  branch  of  the  inqnir; — the  correlation  of  the  vit&I, 
mental,  and  social  forcce — are  referred  to  the  last  edition  of  Oar- 
pait«r's  "  Principles  of  UnDian  Phjsiolog?;"  Horell's  "Ontlines 
of  Kental  Philosophy;'*  Layooek's  "Correlations  of  ConsinonHoesa 
and  Organiution ; "  Eir  J.  K.  Shuttleivortb'a  addroBS  before  the 
Social  Stnence  Congress  of  IBOO,  on  the  "  Correlation  of  the  Moral 
■nd  Pbyric«l  Forces;"  Hinton's  "I.ifo  in  Natore,"  and  "Firtt 
Ptlncsplee  "  of  Herbert  Spencer's  new  system  of  Philosophy.  The 
fiivt  and  Ust  uf  these  works  are  the  only  ones,  it  is  believed,  that 
bava  sA>eared  in  nn  American  form,  and  the  lost  is  mnch  the 
ablest  of  oil;  I  was  chieflj  indebted  t«  it  in  preparing  the  latter 
p«rt  of  the  introduction.  The  biographical  notices,  brief  and  im- 
perfect as  they  are,  it  is  hoped  may  enbanr-e  the  reader's  interest 
in  the  volume. 

I  have  been  specially  incited  to  procure  the  pnblicotion  of  A 
ircrk  of  Hua  kind,  by  the  same  motive  that  has  impelled  me  to 
write  npon  the  eobject  elsewhere;  a  conviction  of  onr  edncntional 
this  direction.     The  treatment  of  a  vast  subject  like  this 

ordinary  school  teit-books,  is  at  best  quite  too  limited  for  the 

[diremcnts  of  the  active-minded  teacher;  to  such,  a  volume  like 
present  may  prove  invaluable 

But  a  more  serions  difficulty  is  that,  nntil  compelled  by  the  de- 
mands of  intelligent  teachers,  the  compilers  of  scbool'books  will 
poM  new  views  entirely  by,  or  give  them  a  mere  hasty  and  oareless 
notice,  white  continuing  to  incnlcate  the  old  erroneons  dootiines. 
And  Ihna  it  is  that  from  inveterate  habit,  or  intellectual  sluggish- 
ness, or  a  shrewd  calculation  of  the  indifference  of  teachers,  ont- 
.wom  and  effete  ideas  continue  to  drag  through  school-books  for 
half  a  century  after  they  have  been  exploded  in  the  world  of  liv- 
ing science.  He  who  continnes  to  teach  the  faypotheslB  of  calorie, 
fobifiea  the  present  truth  of  science  as  absolntely  as  he  would  do 
in  teaching  the  bjpothw»  of  phlaguton  ;  in  fact,  the  reasons  of- 
f<f«d  for  permsting  in  the  erroneons  notions  of  the  materiality  of 
IhM — convenience  of  teaching,  nnsettledncss  of  the  new  vocabu- 
lary,  &c.,  are  precisely  those  that  were  offered  for  clinging  to  phlo- 
inaton.  and  rejecting  the  Lavoiserian  chemistry  of  combustion. 
Both  conceptions  have  no  doubt  been  of  service,  but  bolli  were 
transitional,  and  having  done  their  work  they  become  liindroncea 
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Instead  of  helps.  We  can  now  see  that  when  the  true  chemistry 
of  combnstion  was  once  reached,  the  notion  of  phlogiston  was  of 
no  fhrther  nse,  and  if  retained  conld  only  produce  confnsion  and 
prevent  the  reception  of  correct  ideas.  So  with  caloric,  and  those 
iiBlse  conceptions  of  the  materiality  of  forces,  which  it  implies :  not 
only  are  they  errors,  bnt  the  ideas  they  involve  are  radically  in- 
compatible with  the  higher  truths  to  which  science  has  advanced ; 
80  that  while  the  errors  are  retained  the  truths  cannot  be  received. 

Nor  wiU  it  answer  merely  to  mention  the  new  views  while 
adopting  the  old,  on  the  plea  that  the  facts  are  the  same  in  both 
oases.  The  &cts  are  very  far  ^m  being  the  same  in  both  cases.  It 
is  predsely  because  the  old  ideas  are  out  of  harmony  with  tne  facts, 
and  can  no  longer  correctiy  explain  and  express  them,  that  new  ideas 
are  sought.  Was  not  phlogiston  abandoned  because  it  no  longer 
agreed  with  the  facts?  So  with  the  conception  of  the  materiality 
of  the  forces ;  it  contradicts  the  facts,  and  therefore,  for  scientifio 
purposes,  can  no  longer  represent  them.  In  the  workshop  it  may 
perhaps  be  very  well  to  magnify  facts,  and  depreciate  their  theoreti- 
eal  explanations,  but  not  in  the  school-room ;  the  business  is  here  not 
workmg,  but  thinking.  It  is  the  aim  of  art  to  use  facts,  but  of  sci- 
ence to  understand  tiiem.  And  it  is  simply  because  science  goes 
beyond  the  fact  to  its  explanation,  and  is  ever  striving  after  the 
highest  truth,  that  it  is  fitted  to  discipline  the  thinking  and  reason- 
ing faculties,  and  therefore  has  imperative  educational  claims. 

In  therefore  bringing  forward  these  able  and  authoritative  ex- 
positions in  a  form  readily  accessible  to  teachers,  I  trust  I  am  not 
only  doing  them  a  helpful  service,  but  that  they  will  be  led  to  re- 
quire of  the  preparers  oi  school-books  a  more  conscientious  per- 
formance of  their  tasks,  and  that  the  interests  of  sound  education 
will  be  thereby  promoted. 

VswToBK,Oet  1,1861 
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INTRODUCTION. 


TsxBX  u«  manj  who  deplore  what  they  regard  as  the  raaterial- 
iag  teodenciw  of  modem  Bcience.  Thej  maintain  tbat  this  pro- 
fimnd  and  iacreastDg  engroBsment  of  the  mind  with  maMrial  ob- 
jects b  &ud  to  sU  refining  end  sptritnalizing  inflaence.  The  cor- 
r*otB«M  of  this  coQcIndoD  19  opeD  to  serious  qneatioD :  indeed,  the 
tdstoTT  of  Bcienlific  thought  not  only  fails  to  jnstify  it,  but  proves 
(he  reverse  to  he  true.  It  ehows  thot  the  tendencf  of  this  kind  of 
isqnirT  a  ever/rom  the  materia],  toaard  the  obstract,  the  ideal,  the 
qintnoL  * 

We  uMj  appeal  to  the  oldest  and  roost  developed  of  the  sciences 
for  confirmation  of  this  etatement.  The  earUeit  explanations  of 
Ihs  celestial  movements  were  thoroughly  and  grossly  material,  and 
lU  utrooomio  progress  has  been  toward  more  refined  and  ideal 
Iwwt.  The  heavenly  bodies  were  at  first  thoaght  to  be  sapportod 
lad  carried  round  iu  their  courses  by  solid  revolving  orystalline  : 
qiheree  to  which  they  were  attached.  This  notion  was  afterward 
rsplaced  by  tlie  more  complex  eod  mobile  mechanism  of  epioy- 
desL  To  this  socceoded  the  hypotheeig  of  Des  Cartes',  who  rejected 
tbe  clonuy  mechanical  eipUnation  of  revolving  whedwork,  and 
jTopOsed  the  more  anbtile  conception  of  ethereal  cnrreots,  which 
I  dMutantly  whirled  around  in  vortices,  and  hore  along  the  heavenly 
At  length  the  labors  of  astronomera,  terminating  with 
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Kewtoot,  stmck  awaj  those  orade  deyibefl,  and  sobstittted  the  aotioa 
of  a  nniTeraal  immaterial  force.  The  conne  of  astronomic  scienoe 
has  thus  been  on  a  yast  scale  to  withdraw  attention  from  the  mate- 
rial and  sensible,  and  to  fix  it  upon  the  inririble  and  snpersensaons. 
It  has  shown  that  a  pore  principle  forms  the  immaterial  foundation 
of  the  nniverse.  From  the  baldest  materiality  we  rise  at  last  to  a 
troth  of  the  spiritual  world,  of  so  exalted  an  order  that  it  has  been 
said  '  to  connect  the  mind  of  man  with  the  Spirit  of  GoS.' 

The  tendency  thos  illustrated  bj  astronomy  is  characteristic  in 
a  marked  degree  of  all  modern  science.  Scientific  inquiries  are 
becoming  less  and  less  questions  of  matter,  and  more  and  more 
quesfions  of  force;  material  ideas  are  giving  place  to  dynamical 
ideas.    While  the  great  agencies  of  change  with  which  it  is  the 

^business  of  science  to  deal — ^heat,  light,  electricity,  magnetism,  and 
affinity,  have  been  formerly  regarded  as  kinds  of  matter  *  impon- 
derable elements,'  in  distinction  from  other  material  elements, 
these  notions  must  now  be  regarded  as  outgrown  and  abandoned, 

\  and  in  their  place  we  hare  an  order  of  purely  immaterial  forces. 
Toward  the  dose  of  the  last  century  the  human  mind  reached 
the  great  principle  of  the  indestructiblity  of  matter.    What  the 

^  intellectual  activity  of  ages  had  failed  *to  establish  by  all  the  re- 

I 

I  sources  of  reasoning  and  philosophy,  was  accomplished  by  the  in- 
.  yention  of  a  mechanical  implement,  the  balance  of  Lavoisier. 
When  nature  was  tested  in  the  chemist's  scale-pan,  it  was  first 
■  found  that  never  an  atom  is  created  or  destroyed ;  that  though 
.  matter  changes  form  with  protean  facility,  traversing  a  thousand 
i  cycles  of  change,  vanishing  and  reappearing  incessantiy,  yet  it 
never  wears  out  or  lapses  into  nothing. 

The  present  age  will  be  memorable  in  the  history  of  science  for 
having  demonstrated  that  the  same  great  principle  applies  also  to 
forces,  and  for  the  establishment  of  a  new  philosophy  concerning 
their  nature  and  relations.  yHeat,  li|[ht,  electricity,  and  magnetism 
are  now  no  longer  regarded  as  substantive  and  independent  exist- 
enoea— subtile  fluids  with  peculiar  properties,  but  simply  as  modes 
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^^Kl  mnttuil  coDTcriioD.  Ileat  la  b  mode  of  enerey  manifested  by 
MrtaiQ  effects.  It  may  bo  transformed  into  electrioity,  which  ii 
utother  form  of  force  prodacing  dilferent  efl'eots.  Or  the  process 
may  b«  reversed :  the  electricit j  disappearing  and  the  heat  reap- 
pearing. Again,  In£^chaIlical  motion,  wliich  is  a  motion  of  maaaes, 
may  be  tnmaformed  into  heat  or  electiicity.  Which  is  held  to  be  a 
motion  of  the  atoms  of  matter,  while,  by  a  reverse  process,  the  mo- 
tion of  atoms,  that !«,  heat  or  electricity,  may  bo  tnrned  back  again 
into  mechoDical  motion.  Thus  a  portion  of  tlie  heat  generated  in 
a  locomotive  is  converted  into  the  motion  of  tlie  trun,  while  by 
the  application  of  the  brakes  the  motion  of  the  train  ia  changed 
back  again  into  the  heat  of  friction. 

These  mntationB  are  rigidlj  snbject  to  the  laws  of  qnantity.  A 
pveo  amount  of  one  forco  produces  a  deliniCc  qnontitj  of  another. 
Mtbat  PSSUL^  eneyy.  like  matter,  ran  neither  bo  created  nor 
AeatroTed :  though  ever  changing  form,  ita  total  qnantity  in  the  ooi- 
rena  remuns  constant  and  nnalterable.  Every  manifestation  of 
force  moat  have  come  from  a  preexisting  equivalent  force,  and  mnst 
^ve  rise  to  a  subseqosnt  and  eqnal  amount  of  some  other  force. 
Vhen,  therefore,  a  force  or  effect  appears,  wu  are  not  at  liberty  to 
aasnine  that  it  was  self-origioatod,  or  carae  from  nothing ;  when  it 
disappears  we  are  forbidden  to  conclude  that  it  is  annihilated :  we 
most  search  and  find  whence  it  came  and  whither  it  has  gone ;  that 
ia,  what  produced  it  and  what  effect  it  has  itself  produced.  TheH 
relations  among  tlie  modes  of  energy  are  cnrrently  known  by  the 
phrases  Correlation  and  CoruerraCion  of  Force. 

The  present  condition  of  the  philosophy  of  forces  is  perfectly 
paralleled  by  tliat  of  the  philosophy  of  matter  toward  the  close  of 
iha  hut  eentoTT.  So  long  as  it  was  admitted  that  matter  in  its 
▼arioos  changes  may  be  created  or  destroyed,  chemical  |>rogreSB 
was  hnpoesble.  I^  in  hia  processes,  a  portion  of  the  material  dis- 
■ppeved,  the  chemist  had  a  ready  explanation— the  matter  was 
Arir«y«d,'  Iiia  analyns  was  therefore  worthless.    Bnt  when  ha 


i 


ZIT  INTBODUCfnOir.  • 

started  with  the  aadom  that  matter  is  indestrnctible,  all  disappear 
anoe  of  material  daring  Mb  operations  was  chargeable  to  their  im- 
perfection. He  was  therefore  compelled  to  improve  them — to  ao- 
oonnt  in  his  resnlt  for  every  thousandth  of  a  grain  with  which  hb 
commenced ;  and  as  a  consequence  of  this  inexorable  condition, 
analytical  chemistry  advanced  to  a  high  perfection,  and  its  cpnse- 
qnences  to  the  worlcTare  incalculable.  Precisely  so  with  the  anal- 
ysis of  forces.  So  long  as  they  are  considered  capable  of  being 
created  and  destroyed,  the  quest  for.  them  will  be  careless  and  the 
results  valueless.  But  the  moment  they  are  determined  to  be  in- 
destructible, the  investi^tor  becomes  bound  to  account  for  them; 
all  problems  of  power  are  at  once  affected,  and  the  science  of  dy- 
namics enters  upon  a  new  era. 

The  views  here  briefly  steted  will  be  found  fully  and  variously 
elucidated  in  the  essays  of  the  present  volume ;  in  these  introdno- 
tory  remarks  I  propose  to  offer  some  observations  on  their  history 
and  the  extended  scope  of  their  application. 

I  have  spoken  of  the  principles  of  Oorrelation  and  Conservation 
of  Forces  as  established ;  it  may  be  well  to  state  the  sense  in  which 
this  is  to  be  taken.  They  have  been  accepted  by  the  leading  scien- 
tific minds  of  all  nations  with  remarkable  unanimity ;  their  discus- 
sion forms  a  leading  element  in  scientific  literature,  while  they  oc- 
cupy the  thoughts  and  guide  the  investigations  of  the  most  philo- 
sophical inquirers.  But  while  science  holds  securely  her  new  pos- 
session as  a  fundamental  principle,  its  various  phases  are  by  no 
means  completely  worked  out.  Not  only  has  there  been  too  littie 
time  for  this,  even  if  the  views  were  far  less  important,  but  the 
questions  started  lie  at  the  foundation  of  all  branches  of  sdence^ 
and  can  only  be  fully  elucidated  as  these  advance  in  their  develcp- 
ment.  The  new  doctrine  of  forces  is  now  in  much  the  same  con- 
dition as  was  the  new  astronomy  of  Copernicus.  It  is  not  with- 
out its  difficulties,  which  time  alone  must  be  trusted  to  remove; 
but  it  simplifies  so  many  problems,  clears  up  so  many  obscurities, 
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op«Bi  BO  extended  a  range  of  new  inveetigations,  aod  contruU  m 
■trongl^  with  the  oomplciilies  and  incoDgrnities  of  tb«  older  doo- 
trioes,  Bs  to  leave  little  libertj  of  choice  between  iLe  oppoaing  Uieo- 
ricA.    Ifot  odIj  do  the  receptioa  of  these  views  mark  a  Bignal  epoch  in   , 
tile  progress  of  science,  but  trom^cir  comprehenaire  bearings  and  i 
the  jonmioiis  glimpaes  which  tlicj  open  into  the  moiit  elevated  re-  ' 
giona  of  specnlatiTe  inqoirj,  thcf  have  a  profonad  interest  for  ', 
monj  thinkers  who  give  little  attention  to  the  spccialtiea  of  exact  \ 
science. 

In  the  history  of  human  affura  there  is  a  growing  conception^ 
of  the  action  of  general  causes  in  the  prodnction  of  events,  and  A   | 
oorrespoDding  conviction  that  the  part  played  b;^  individnols  has 
been  nmch  exaggerated,  and  is  far  loss  controlling  and  pcrmaDent 
than  has  been  hitherto  aapposcd.    So  also  in  the  history  of  Bcienee 
it  is  now  acknowledged  that  the  progress  of  discovery  is  mnch 
more  independent  of  the  labors  of  particular  persons  than  has  been 
fonnerl/  admitted.    Great  diacoveriea  belong  not  bo  much  to  indi- 
vidnals  as  to  hnmaoity ;  tbey  arc  less  inspirations  of  genius  than    . 
births  of  eras.    As  there  has  been  a  definite  intellectual  progress, 
thought  has  necessarily  been  limited  to  the  sabjects  succesHvely 
reached.    Uany  minds  have  been  thus  occnpied  at  the  same  time 
with  aimilar  ideas,  and  hence  the  simaltaneons  discoveries  of  inde- 
pendent inqairero,  of  which  the  history  of  science  is  ao  (nil.    Thus 
at  the  close  of  the  sixteenth  century,  philosophera  had  entered 
upon  the  investigation  of  the  laws  of  motion,  and  accordingly  we 
find  Galileo,  Benediti,  and  Piccolomini  proving  independently  that 
I  an  bodies  fall  to  the  earth  with  equal  velocity,  whatever  their  nze 
1  or  weight.    A  century  after,  when  science  had  advanced  to  the 
systematic  application  of  the  higher  mathematics  to  general  phys- 
ics, Newton  and  Leibnitz  discovered  independently  the  differential  \ 
Calcolns.     A  hundred  years  later  qnestions  of  molecular  physics 
and  chemistry  were  reached,  and  oxygen  waa  discovered  rimnlta-  i 
neooaly  by  Priestley  and  Soheele,  and  the  composition  of  water  by   i 
Oavendisb  and  Watt    These  disooTeriee  were  made  because  the   : 


piffiodi  w«ie  lipe  to  fhem,  aod  we  eamiot  dodbi  iJbit  if  ttoM  v&o 
Bade  them  lied  nerer  Hred,  the  labon  of  oUieni  would  kstv  ipeed 
Uj  ittettied  the  leme  results.  The  diecoTerer  is,  tiwiefim,  ia  a 
greet  degree,  hot  the  moo^ij^ece  of  hiBj^e.  Socne  dieeern  eleeily 
whet  U  dimljT  ihedowed  forth  to  nianj;  some  wori^  oat  the  lesohi 
more  eorni^eteljr  then  othov,  and  some  edxe  the  eoming  thoaghft 
eo  long  before  St  is  dereloped  in  the  general  oonackmaneaBi  ttial 
their  annonnoeniente  are  nnappredated  and  unheeded.  This  Tiew 
bj  no  meens  robs  the  disoorerer  of  his  honorsi  but  it  enables  ns  to 
place  npon  them  a  Jnster  estimate,  and  to  peas  a  more  enlightened 
Judgment  npon  the  riyal  claims  which  are  constantly  ariaing  in  'the 
Ustorj  of  sciepoe. 

ProbabljT  the  most  important  event  in  the  general  progress  of 
sdeDce  was  the  transition  from  the  specolative  to  the  experimental 
period.  The  ancients  were  prevented  from  creating  science  b j  a 
ftlie  intellectual  procednre.  They  believed  thej  could  scdve  all  the 
problems  of  the  universe  \>j  thonght  alone.  The  modems  have 
foond  that  for  this  pnrpose  me^ij^adon  is  futile  unless  accompanied 
bj  observation  and  escperiment.  Modem  science,  therefore,  took  its 
rise  in  a  change  of  method,  and  the  adoption  of  the  principle  that 
the  discoveiy  of  physical  troth  consists  not  in  its  mere  logical  but 
in  its  eimerkoi^Ul  establishment  It  is  now  an  aadom  that  not  he 
who  gueaei,  though  he  guess  aright,  is  to  be  a^indged  the  true  dis- 
coverer, but  he  who  demqnftrates  the  new  troth,  and  thus  compels 
its  acceptance  into  the  body  of  valid  knowledge. 

Now  the  later  doctrines  of  the  constancy  and  relations  of  forces, 
and  that  heat  is  a  kind  of  motion  among  the  minuter  parts  of  mat- 
ter, have  had  their  twofold  phases  of  history,  corresponding  to  the 
two  methods  of  inquiry.  They  had  an  early  and  vague  recognition 
among  many  philosophers,  and  may  be  traced  in  the  writings  of 
Galileo,  Bacon,  Newton,  Locke,  Leibnitz,  Dcs  Cartes,  Bemoulli, 
Laplace,  and  others;  but  they  were  held  by  these  thinkers  as  un- 
verified and  fruitless  speculations,  and  the  subject  awaited  the  gen- 
ius that  could  deal  with  it  according  to  the  more  eflfective  methods 
of  modem  science. 
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It  waa  this  caantrj,  widely  reproached  for  being  over-practical, 
«Mch  prodT)c«d  Just  that  Mod  of  working  abilitj  thiit  was  suited 
to  translate  .this  profound  question  from  the  barren  to  the  frnitftil 
field  of  inqniry.  It  is  a  matter  of  jnet  nationa!  pride  that  tho  two 
men  who  first  demonstrated  tho  capital  propositions  of  pure  sci- 
«□(«,  that  lightning  is  but  a  cnse  of  common  electricity,  and  that 
heat  ia  bnt  a  mode  of  motion — who  first  converted  these  propoBt- 
tJona  from  coigectures  of  fancy  to  facts  of  science,  were  not  only 
Americana  hy  birth  and  edncation,  bnt  wen  eminently  reprceent*- 
tive  of  the  pecoliaritiea  of  American  character — Benjamin  Frank- 
Ua  and  Beiyftmin  Thompson,  nflerwards  known  as  Coonl  Rumford. 
The  latter  philosopher  is  less  known  than  the  former,  thongh  his 
eemcea  to  scienoo  and  society  were  prohably  quite  as  great.  The 
promiiience  which  his  name  now  occupies  in  connection  with  the 
new  views  of  heat,  and  the  relations  of  forces,  moke  it  desirable  to 
glance  briefiy  at  fais  career. 

Besjasus  Thommoit  was  bom  at  Wobnrn,  Mas*.,  in  1T53.  He 
receired  the  rtidiments  of  a  common  school  edncation;  became  a 
merchant's  apprentice  at  twelve,  and  subsequently  (aoght  school, 
HaTing  ■  strong  taste  for  mechanical  and  chemical  stadics,  he  cnl- 
tivKled  them  aasidnonsly  dnring  his  Idsnre  time.  At  seventeen  ho 
took  charge  of  an  academy  in  the  village  of  Rnmford  (now  Oon- 
oord),  N.  n.,  and  in  1772  married  a  wealthy  widow,  by  whom  ho 
had  one  daaghter.  At  the  outbreak  of  revolutionary  hostilities  he 
applied  for  a  oommisaion  in  the  American  service,  was  charged 
with  torylsm,  left  the  ooontry  in  disgnst,  and  went  to  England. 
nia  talents  were  there  appreciated,  and  he  took  a  responsible  por- 
tion ander  the  government,  which  ho  held  for  some  years. 

After  reoririug  the  honor  of  knighthood  he  left  !Ebgtond  and 
eulered  tho  service  of  the  elector  of  Bavaria.  IIb  settled  in  Hn- 
nioh  in  1TB4,  and  waa  appointed  udo-do-camp  and  chamberlain  to 
the  I*rinc«.  The  labors  which  he  now  midertook  were  of  the  moat 
uid  laborions  character,  and  conid  never  have  been  so- 
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a  aad  public  duties.  His  interest  io  the  more  needy  cIbaks  led 
o  the  naaiduoiig  Mady  of  tlio  physical  wnnts  of  maokiiic),  and 
the  best  methods  of  relieTing  them ;  the  laws  snd  domestic  man- 
agement of  heat  accordingly  engaged  a  large  share  of  his  attention. 
He  detennined  the  amonct  of  heat  arising  from  the  combustion  of 
different  kinds  of  fael,  by  means  of  a  calorimeter  of  his  own  in- 
Tention.  He  reconstracted  the  fireplace,  and  so  improved  the 
methods  of  heating  apartments  and  cooking  food  as  to  province  a 
saving  in  the  precioai  element,  varying  from  one-half  to  seven- 
eighths  of  the  fnel  preciously  consumed.  He  Improved  the  con- 
stmctioQ  of  stoves,  cooking  ranges,  coal  grates,  and  chimneys; 
showed  that  the  non-conducting  power  of  cloth  is  dae  to  the  air 
enclosed  among  its  fibres,  and  first  pointed  ont  that  mode  of  action 
of  heat  called  amcectioa;  indeed  he  was  the  first  clearly  to  dis- 
crinunale  between  the  three  modes  of  propagation  of  heat — radia- 
tion, conduction,  and  convection.  He  determined  the  almost  per- 
fect Don-oondDCIing  properties  of  liquids,  investigated  the  produc- 
tion of  light,  and  invented  a  mode  of  measuring  it.  He  was  the 
first  to  apply  steam  generally  to  the  waiming  of  fluids  and  the 
colinar;  art ;  he  experimented  npon  the  nse  of  gunpowder,  the 
strength  of  materials,  and  the  maximom  density  of  water,  and 
made  many  vslaablo  and  original  observations  npon  an  extensive 
range  of  subjects. 

Prof.  James  D,  Forbes,  in  his  able  Dissertation  on  the  recent 
Progress  of  the  MathemaUcal  and  Physical  Sciences,  in  the  lost 
odition  of  the  Encyclopedia  Britonnica,  gives  a  full  account  of  Bnm- 
fbcd'a  contributions  to  science,  and  remarks: 

"AB  Bninford's  experiments  were  made  with  admirable  preds- 
lon,  and  recorded  with  elaborate  fidelity,  and  in  the  plainest  lan- 
guage. Every  thing  with  him  woa  reduced  to  weight  and  meas- 
ure, and  DO  pains  were  spared  to  att^n  the  best  resolts, 

"Bnmford's  name  will  be  ever  connected  with  the  progress  of 
■deooe  in  England  by  two  circumstances:  first,  by  the  foundation 
of  »  perpetual  medal  and  prize  in  the  gift  of  the  cooncil  of  the 


8ojd  SocieCy  of  London,  for  tihe  reward  of 
wi&  beat  aod  fi|^;  aod  teeond^,  I7  tiie  citalifiihMflnt  m  18M 
Oe  Bojal  Inethiition  in  Loodon,  dcatfued,  piimarilT;  for  die  pto> 
notioii  of  origiiial  daeateij,  and,  seeoodarilyy-ftr  tibe  ^ffbeion  of  a 
iaele  for  edenee  among  tiie  educated  daaeea.  Tlie  plan 
eared  with  the  aigacitf  wlndi  dbaracteriaed  Bnmford,  and  iti 
eeet  baa  been  greater  than  eoold  haTe  been  antieqiated.  Dsfj 
there  bron^it  mto  notice  bj  Romford  bimaftl^  and  Itarniibed  wifli 
Ae  means  of  proeeeiiting  bis  admirabie  ezperiments.  He  and  Mr* 
Ttndaj  bare  g^ren  to  that  inatitotion  its  jnat  cdebrity  with  fittle. 
faitermiaBon  for  half  a  centmj." 

Leering  England,  Bomford  took  np  his  rendence  in  f^anoe^  and 
the  estimation  in  wfaidi  he  was  hdd  may  be  Judged  of  by  tibe  fool 
that  he  was  elected  one  of  the  eight  foreign  aiwoclttefl  of  the  Acad- 
emy of  Sciences. 

Comit  Bmnford  bequeathed  to  Harrard  Unirenity  the  fimdi 
for  endowing  its  profossorship  of  the  Application  of  Scaente  to  tiie 
Art  of  living,  and  institated  a  prize  to  be  awarded  by  the  Ameri- 
can Academy  cf  Sciences,  for  the  most  important  discoveries  and 
improvements  relating  to  best  and  light  In  1804  he  married  the 
widow  of  the  celebrated  chemist  LaToiner,  and  with  her  retired 
to  the  villa  of  AatenH,  the  residence  of  her  former  bnsband,  where 
he  died  in  1814. 

Having  thns  glanced  briefly  at  his  career,  Inow  pass  to  the  dis- 
covery upon  which  Count  Bumford's  fiune  in  the  future  will  chiefly 
rest.  It  is  described  in  a  paper  published  in  the  transactions  of  ihb 
Boyal  Society  for  1798. 

He  was  led  to  it  while  superintending  the  operations  of  the 
If  unioh  arsenal,  by  observing  the  large  amount  of  heat  generated 
in  boring  brass  cannon.  Beflecting  upon  this,  be  proposed  to  him- 
self the  following  questions :  *'  Whence  comes  the  heat  produced 
in  the  mechanical  operations  above  mentioned  f  '^  *'  Is  it  fomishe4 
by  the  metallic  chips  which  are  sepsrated  from  the  metal  f  ^ 
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'  Tb«  oommon  hjrpothceis  affirmed  that  the  heat  produced  Iiod  I 
•ED  laUot  in  the  metal,  and  had  been  forced  out  b;  eondnttation  ' 
of  the  chips.  But  if  this  were  the  case  tbo  capacity  for  beat  of  the 
pu1«  of  metal  so  reduced  to  chips  ought  not  only  to  he  cbonged, 
bnt  the  change  DDdergone  by  them  nhould  be  aaSciently  great  to 
Heonnl  for  all  the  heat  prudcced.  With  a  fine  savr  Rnmford  then 
ent  away  alioea  o{  the  unheated  metal,  and  found  that  they  had  t^ 
actly  th«  taiM  eapaeity/or  heat  >u  tht  mtlallie  e&ipi.  No  change 
in  this  respect  had  occarred,  and  it  was  thns  conclu^vely  proved 
th*t  the  heat  generated  could  not  have  been  held  latent  is  the 
ebipi.  HaTiDg  settled  this  proliminary  point,  Ruinford  proceeds  to 
hie  principal  eiperiments. 

With  the  intuition  of  the  troe  investigator,  he  remarks  that 
"rery  interesting  philoicphical  eiperiments  may  often  he  made, 
ilmoet  without  troable  or  expense,  by  means  of  maohinory  con- 
trived for  mere  mechaDical  parposcs  of  the  aria  and  mannfactares." 
Accordingly,  he  laonuted  a  metjtljic  cylinder  weighing  113.13 
poands  avoirdupois,  in  a  horizontal  pomtion.  At  one  end  there  was 
a  caTity  three  and  a  half  inches  in  diameter,  and  into  tbia  was  In- 
bodnc«d  a  borer,  a  flat  piece  of  hardened  steel,  fonr  inches  long, 
0.63  inches  thick,  and  nearly  as  wide  as  the  cavity,  the  area  of  con- 
tact of  the  borer  witli  the  cylinder  being  two  and  a  half  inches. 
To  measure  the  heat  developed,  a  nnall  round  hole  was  bored  in 
the  cylinder  near  the  bottom  of  the  cavity,  for  the  in»ertion  of  a 
■mall  mercorial  thermometer.  The  borer  was  pressed  gainst  the 
base  of  the  cavity  with  a  force  of  10,000  pounds,  and  the  cylinder 
made  to  revolve  by  horse-power  at  the  rale  of  thirty-two  times  per 
minDle.  At  the  beginning  of  the  experiment  the  temperature  of 
the  air  in  the  shade  and  alao  in  the  cylinder  was  EOT.  at  the  end 
of  thirty  minntes,  and  after  the  cylinder  hod  made  960  revolutions 
the  temperature  was  found  to  be  1S0°F. 

Having  taken  away  the  borer,  he  found  that  839  grains  of  me- 
tallie  dost  bad  been  cat  away.  "  Is  it  possible,"  he  exclaims,  "  that 
the  very  oonaderable  quantity  of  heat  produced  in  this  experiment  i 

i-  J 
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—ft  qoantikj  wlddi  aetoallj'  riiied  tibe  tanporatere  o^  vpwmrd  of 
US  poondt  of  gun  metal  at  kot  TO*,  could  here  been  ftmkbed  1^ 
■0  inoonaderable  s  qiuoititj  of  metalfic  dort,  and  thia  merelj  in 
eonaeqoenoe  of  s  change  in  the  capadtj  for  heatt  ^ 

To  mciainie  more  pfeciael j  the  heat  prodooed,  he  neact  anr- 
ramded  hia  cjlinder  by  an  oblong  wooden  box  in  aoch  a  w^^n^i^ 
that  it  ooold  tnrn  water-tic^  in  die  centre  of  the  box,  while  the 
borer  waa  preaaed  against  the  bottooi.  The  box  waa  filled  with 
water  nntil  the  entire  cyfinder  waa  ooroed,  and  the  i^^^Mffatna  waa 
iet  in  action.  The  temperature  of  the  water  on  commencing  waa 
00*.  He  remark^  "  The  result  ci  this  beaotifiil  experiment  waa 
Tery  striking,  and  the  pleasure  it  affiled  amplj  repud  me  far  all 
the  tronble  I  had  taken  in  contriring  and  arranging  the  compiEeated 
nachinerj  used  in  making  it.  The  cjlinder  had  been  in  motion 
but  s  short  time  when  I  perc^yed,  b j  putting  mj  hand  into  the 
water  and  tonching  the  outside  of  the  cjlinder,  that  heat  waa  gen- 
erated.'' ^ 

As  the  work  continued  the  temperature  graduallj  rose;  at  two 
hours  and  twent  j  minutes  from  the  beginning  of  the  operation,  the 
water  was  at  200*,  and  in  ten  minutes  more  it  actuallj  boiledl 
Upon  this  result  Bumford  obserres,  "It  would  be  difficult  to  de* 
scribe  the  surprise  and  astonishment  expressed  in  the  countenances 
of  the  bystanders,  on  sedng  so  large  a  quantity  of  water  heated 
and  actuallj  made  to  boil  without  an j  fire.  Though  there  waf 
noihiDg  that  could  be  considered  yerj  surprising  in  this  mattSTi 
I  jet  I  acknowledge  fairlj  that  it  afforded  me  a  degree  of  dblldidi 
'  pleasure  which,  were  I  ambitious  of  the  reputation  of  a  graye  phip 
losopher,  I  ouc^t  most  certainlj  rather  to  hide  than  to  discoyer.^ 

Bumford  estimated  the  total  heat  generated  as  sufficient  to  raise 
S6.58  pounds  of  ice-cold  water  180*,  or  to  its  boiling  p<»nt;  and  he 
adds,  "from  the  results  of  these  computations,  it  appears  that  the 
^oantitj  of  heat  produced  equall j  or  in  a  continuous  stream,  if  I 
B^aj  use  the  expression,  b j  the  friction  of  the  blunt  steel  borer 
•gainst  the  bottom  of  the  hollow  metallic  i^Hnder,  was  gruaJt 
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thin  that  prodnmd  in  the  corobustion  of  sine  vu  cuidles,  each 
tbi««-qiurt«rs  of  an  inch  in  diameter,  oil  lioming  together  with 
dear  bright  flomea." 

"One  horse  would  have  been  equal  to  the  work  performed, 
though  two  wero  aotnaliy  employed.  Heat  may  thus  be  produced 
merely  by  the  strongtli  of  a  horse,  and  in  a  case  of  necessity  this 
might  be  Qsed  in  cooking  virtnals,     Bnt  no  circumstances  coold  he 

a  wliich  this  method  of  producing  heat  coold  be  advan-  . 
Mm,  for  more  heat  niigbt  be  obtained  by  nsing  the  fodder  ne- 
y  for  the  snpport  of-  the  horse,  as  fuel. 
I  **  By  meditating  on  the  resalts  of  all  these  experiments,  we  are 
1II7  hronght  to  that  great  question  which  has  so  ofUn  been 
I  subject  of  specTilation  among  philosophers,  namely,  "What  is 
Is  there  such  a  thing  as  an  igneons  fluid  ?  Is  there  any 
g  that  with  propriety  can  be  called  caloric? 
"We  hare  seen  that  a  very  considerftblo  qnantity  of  heat  may 
be  excited  by  the  IHction  of  two  metollie  surfaced,  and  given  off  in 
a  oonftant  etream  or  flux  in  all  direelioatf  withont  intermption  or 
intermission,  and  without  any  sign*  of  dimiavlion  or  eihaiutum. 
In  reasoning  on  this  sabject  we  must  not  forget  l&at  moit  remark 
able  eireumttanet,  that  the  source  of  the  heat  generated  by  (notion 
in  these  experiments  appeared  evidently  to  be  incxhavttOiU.  (The 
italics  are  Rninfcird''B.)  It  is  hardly  necessary  to  odd,  that  any 
thing  whioh  any  ituulattd  body  or  aj^tem  of  bodies  can  continue 
to  ftmdah  leithout  limiCatitm,  oannot  possibly  be  a  maUrial  tub- 
tbtnet ;  and  it  appears  to  me  to  be  extremely  difficnlt,  if  not  quite 
impOMible,  to  form  any  distinct  idea  of  any  thing  capable  of  being 
excited  and  commnnicated  in  those  experiments,  except  it  be  uo- 

"Sa  one  can  read  the  remarkably  able  end  lucid  paper  troia 
which  these  extracts  ore  taken,  withont  being  stmok  with  the  per- 
fect distinctness  with  which  the  problem  to  be  solved  was  pre- 
Knied,  and  the  systematic  and  conoluaive  method  of  its  treatment. 
Eomfonl  kept  strictly  within  the  limit*  of  legitimate  inqmry,  which 


bt  fid.  '^I  m  Tfvy  nr  frcm  pfo* 
to  fcMv  Wv«  «r  hr  w\ti  nans  cr  neciiameal  oontri- 
tlttt  i«irtK«lir  lisdlof  nocioa  m  bo&a^  vUdi  bn  been 
to  cwMtiUite  iMit  ii  eicrt<d>  wti— wl,  and  propagated, 
dMI  Mt  puijMH  to  troiiblft  like  SocmIt  wtAl  new  eoq}eo- 
B«t  ahboQgb  the  mfciianwn  of  beat  dboaM  in  part  be  one 
•of  Ikon  BTatcries  of  natnev  wbidi  are  be^oBd  tibe  readi  of 
intdfigcBee,  tbk  oo^t  bj  no  means  to  fistoniage  n^  or 
oar  ardor  in  oar  attenipCs  to  mTcstiigate  Ae  lavs  of  its 
operations.  How  Ur  can  we  adranoe  in  anj  of  tbe  padis  which 
sdenee  b«  opened  to  na,  before  we  find  onrsdres  cnvekped  in 
Aoae  thick  nisle,  which  on  ererj  sde  boond  the  horiaon  of  the 
homan  intdleet." 

Bomfofd^s  experiments  oompletelj  iwiTiilMfeiwl  the  material  hj- 
potheflis  cf  heat,  while  the  modem  doctrine  was  stated  in  czpBoit 
terms.  He  moreorer  advanced  the  qnestion  to  its  qoantitatiTe  and 
highest  stsge,  proposing  to  find  the  nnmericsl  relation  between 
nrrhsnirsl  power  and  heat,  and  obtained  a  result  remarkahlj  near 
to  that  finally  estabfiahed.  The  En^iflh  unit  of  fwoe  is  the  lboi> 
ponnd,  that  is,  one  poimd  falling  through  one  foot  <^  qwee;  the 
ndt  of  heat  is  one  poimd  of  water  heated  1*  F.  Just  fifty  yean 
siibeeqnentlj  to  the  experiment  cf  Rmnf(»d,  Dr.  J.  P.  Joole,^  of 
Man^Mter,  England,  after  a  most  delicate  and  daborate  series  of 
e«perinentB>  d^emuned  that  773  onitB  of  force  produce  one  nnit 
of  heal;  that  is,  772  pounds  islling  throngh  one  foot  produces  sof- 
Men!  heal  to  raise  one  poond  of  wato'  1*  F.  This  law  is  known 
lik  the  mechaniosl  eqmyalent  of  heat.  Now,  when  we  throw  Rnm- 
|btd>i  leanlla  into  these  teraft,  we  find  that  abont  940  onitB  of  foree 
lio^tneed  a  nnit  oi  heat,  and  that,  therefore,  on  a  large  scale,  and 
%|  ll^  reiy  first  trial,  he  came  within  twenty  per  cent^  of  the  true 
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tement.  No  aoconat  waa  taken  of  tlie  beat  lost  by  radiation, 
wMch,  coaudering  Uia  liigh  temperiitnro  produced,  and  the  dara- 
tion  of  Uie  eiperiment,  must  hovo  Iieen  conadcrable;  bo  that  as 
Bumford  himself  aoticed,  this  value  mnst  be  too  hi);h.  The  eor- 
Uest  nnmerical  reaults  in  Hcience  are  rarelj  more  than  rough  ap- 
proxiiDStioiis,  ;et  tbej  maj  guide  to  the  establishment  of  great 
principles.  Certaialj  do  one  conld  qoestion  Dalton's  claim  to  the 
diaooveiy  of  the  law  of  defiiiit«  proportions,  becaase  of  the  innc- 
eiutcj  of  the  nombera  upon  which  he  Srst  rested  it 

We  are  called  further  to  note  that  Bnmford's  ideas  upon  the 
gener*]  subject  of  forcea  were  for  in  advance  of  his  age.  lie  saw 
the  relation  of  all  friction  to  heat,  and  suggested  that  of  fluids,  b7 
chunung  processes,  as  a  means  of  producing  it — preoiEelf  the 
method  finsll;  employed  by  Joule  in  establishing  the  roeebanical 
etjuivaleDt  of  best.  Ue  furtliennore  regarded  animals  dt/nami- 
caUy,  coDsidetiiig  their  force  aa  the  derivative  of  their  food,  and 
therefore  as  not  created.  That  Romford  held  these  views  in  the 
ooffiprehendve  and  matured  sease  in  which  tbey  are  now  euter- 
tatD«d  ia,  of  course,  not  asserted.  The  advance  trora  his  day  to 
oitrs  has  been  prodigious.  Whole  sciences  have  been  created, 
which  afford  the  most  beautiful  ciemplifications  of  the  new  Joc- 
trinea.  Those  doctrines  have  received  their  subsequent  develop- 
ment in  various  directions  by  many  miods,  but  wo  may  be  allowed 
to  question  if  the  contribalioDS  of  anj  of  their  promoters  will  sur- 
pHB,  if  indeed  they  will  equal,  the  value  and  importance  which  we 
most  ae«ign  to  tbe  first  great  experimental  step  in  the  new  dlrec- 


The  clwrns  of  Ramford  msy  be  summarized  as  follows: 

L  He  was  the  man  who  first  took  the  question  of  the  natora 
of  heat  out  of  the  dorasin  of  nidtapbjwcs,  where  it  had 
been  speculated  upon  since  the  time  of  Aristotle,  and 
placed  it  upon  the  true  bous  of  physical  experiment. 

C.  Ha  first  proved  the  insnfficioncy  of  the  current  eiplanationa 


^FC  He  first 
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of  the  sonroes  of  heat,  and  demonstrsfted  &e  hMtj  €if  ttm 
preraifing  Tiew  of  ita  materia]!^. 

m.  He  iirat  eatamated  the  qnantitatiTe  reUtion  hetween  tihe  hiil 
produced  by  Motion  and  that  by  ccnnbiiation. 

IV.  He  first  showed  the  quantity  of  heat  produced  by  a  definite 
amount  of  mechanical  work,  and  arrired  at*  a  retftdt  re- 
markably near  the  finally  estabfiahed  law* 

y*  He  pointed  oat  other  methods  to  be  employed  in  delermiidng 
the  amount  of  heat  produced  by  the  expenditure  of  me- 
^Ti^n^^ft]  power,  instancing  particularly  the  agitation  of 
water,  or  other  liquids,  as  in  churning. 

YL  He  regarded  the  power  of  animals  as  due  to  their  food,  there- 
fore as  having  a  definite  source  and  not  created,  and  thui 
applied  his  views  of  force  to  the  organic  world. 

yn.  Bumford  was  the  first  to  demonstrate  the  quantitatiye  con- 
yertibility  of  force  in  an  important  case,  and  the  first  to 
reach,  experimentally,  the  fundamental  conclusion  that  heat 
is  but  a  mode  of  motion. 

In  his  late  work  upon  heat,  Prof.  Tyndall,  after  quoting  co- 
piously from  Rumford^s  paper,  remarks:  '*  When  the  history  of  the 
dynamical  theory  of  heat  is  written,  the  man  who  in  opposition  to 
the  scientific  belief  of  his  time  coidd  experiment,  and  reason  upon 
experiment,  as  did  Rumford  in  the  inyestigation  here  referred  to^ 
oannot  be  lightiy  passed  over."  Had  other  English  writers  been 
equally  Just,  there  would  have  been  less  necesnty  for  the  foregoing 
exposition  of  Rumford^s  labors  and  claims;  but  there  has  been  a 
manifest  disposition  in  yarious  quarters  to  obscure  and  depreciate 
them.  Dr.  Whewell,  in  his  history  of  the  Inductive  Sciences, 
treats  the  subject  of  thermotics  without  mentioning  him.  An  em- 
inent Edinburgh  professor,  writing  recentiy  in  the  Philosophical 
Magarine,  under  tiie  confessed  infiuenoe  of  'patriotism,'  under- 
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likes  to  make  ttie  djnanucal  theorj  of  beal  on  £nglisK  moDopoly, 
due  to  Sir  Im410  Newton,  Sir  Hninphty  Davy,  and  Dr,  J.  P. 
Jonla;  while  an  able  writer  in  a  late  number  of  the  North  Britidi 
Reriew,  in  sketching  tlie  historic  progrera  of  the  nevr  views,  pots 
DsTf  forward  as  their  founder,  and  nsugus  to  Romford  a  minor 
and  snbscqoent  place. 

Sir  Biunphtj  Dav/,  it  is  well  known,  early  ngtwted  llie  oalorio 
bypothesia.  In  1T99,  at  the  age  of  twenty-one,  he  poblished  a 
trad  mt  Bristol,  describing  eome  iugenioos  czperimeota  npon  the 
nitgecL  It  waa  the  poblication  of  this  pamphlet  which  brought 
bim  to  Romford's  notice,  and  resnlted  in  his  snbseqnent  connection 
with  the  Ro^al  Institntion.  Bot  Davy's  ideas  npon  the  qnestion 
for  from  clear,  and  will  bear  no  comparison  with  those  of 
Jbnntbrd,  pnhUshcd  the  year  before.  Indeed  his  eulogist  rcniarks: 
a  certain  that  even  Davy  himBelf  was  led  astray  in  his  argo- 
it  by  nsing  the  hypothesis  of  chooge  of  cnpacity  as  the  basis 
hia  reasoning,  and  that  he  might  have  been  met  successfully  by 
any  able  calorist,  who,  thongh  maintaining  the  materiality  of  heat, 
ndght  have  bc«n  willing  to  throw  overboard  one  or  two  of  the  less 
essential  tenets  of  his  school  of  pliilosophy."  It  was  not  till  1SI2 
that  Davy  wrote  in  hia  Chemical  Philosophy,  "Tho  immediate 
Muse  of  the  phenomeDa  of  heat  then  is  oiotibo,  and  tho  laws  of  its 
oommuDication  are  precisely  the  same  as  those  of  the  commooica- 
tioo  of  motion."  When,  therefore,  wo  remember  that  Davy's  first 
pubUcaUon  was  snbseqaont  to  that  of  Rumford's,  that  he  confined 
DUTowest  point  of  the  sut^ect,  the  simple  qnostioa 
of  caloric;  and  that  he  nowhere  gives  evidenoe 
slightest  notion  of  the  qoantitative  relation  between 
force  and  heat,  the  futility  of  tho  claini  which  would 
make  him  the  experimental  fonnder  of  the  dynamical  theory,  is 
abtmdBatly  apparent. 

The  inqoiriea  opened  by  Raniford  and  Davy  were  not  formally 
porsoed  by  the  sncoeeding  generation.  Even  tho  powerful  adhe- 
■lon  of  Dr.  Thomas  Toting— perhapa  the  greatest  mind  in  loience 
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HewtflB  ftfliwi  to  fjtwt  cmiqae/  to  iStub  nwr  ykmu,  Bsttht 
nlint  sad  inpragDabie  dflmooBtnlkm  cf  Bantedy  ^^ 
loos  «aqMri]iMDti  cf  BsTjy  fiwto  whkli  eould  nflitbcr  bo  eiaded  nor 
litniioiiiaed  wUh  the  prefaOiiig  erroiii  were  not  witiioiit  idfaMBOiii 
Tliot  tiiere  w«t  a  g«n«nl,  thooi^  onooiiacioaa  teodaoflj  towaid  a 
BOW  ybSUmopkj  cf  foroea,  ia  the  earlj  InqiiirMB  d  tiM  ptaaant  ew- 
toiy,  ia  ahofwn  1^  tiie  fiMst  tbat  yariooa  aciantifie  mao  cf  difiDrcnt 
national  and  with  no  knowledge  of  eaoh  oChar'a  laboti^  gate  az- 
prenion  to  tiie  aame  Tiawa  at  about  the  aame  time.  Grora  and 
Joola  d  Engjand,  Major  of  Gennany,  aad  Oolding  of  Dwmurt, 
annoonoed  the  general  doctrine  of  the  miitiial  relationa  of  the  teoei^ 
with  more  or  kas  eiplioation,  abont  184S,  and  Segnin  of  Vnmat, 
iti8elaimed,alitUeeariier.  From  thia  time  the  solitiMtwaaekMnly 
pnraned,  and  the  namea  of  Hehnholtiy  Holtsman,  Ghuuiai^^  FaradagTi 
Thomp8(»,  Bankine^t  T^ndall,  Carpenter,  and  othera  are  intimalalx 
aaeoditod  with  ita  adTanoement.  InthiaooontryPirofeMoraHeniyt 
and  Leoonte  I  hare  oontribated  to  iUnatrate  the  organio  phaaa  of  the 
doctrine. 

I  oannot  here  attend  an  estimate  of  the  reflpeetiTo  diacaa 
which  these  men  haye  had  in  oonstracting  Jthe  new  theories;  the 
reader  will  gather  Tarioos  intimations  npoia  this  point  from  ^ 
aoooeeding  essajs.  Ihe  fordgn  periodicals,  both  sdentifie  and  lit- 
erary, show  that  the  qnestion  is  being  thoron^ J  sifted,  and  mate- 
rials aocomnlating  for  the  fbtorehiBUN^  of  the  subject  Thepank 
mount  claims  are,  howerer,  those  of  Joule,  Majer,  and  Groye. 


*  OLAirmrii  BupoLm  Jmxn  Immamvwl  wm  bam  at  OSritn,  PonuiMni,  Ji 
11,1811    BiblmmmaTtoimcf^VUIiomitkjnArkrimful^ 
•tZokhiniaSB^aiid  tiMB  FMaMMToftlMZiiikli  UBtrenttjOSBTV    JUmmwOm' 
wvdi  toMiiff  of  Fhjflot  aad  Aitflkfy  ia  the  School  of  Bcrlla,  aad  thea  printo 
teaohflr  of  the  UaiTcnltj  of  tibttfc  pbee. 

t  SAaxnri,WiiixAM  JoKV  ICAioqivoivirM  bornttBdliAvrghfJiljfl^  Bt 

liafllfll  njlnwr  la  Glufow, a OMnbar  of  the  PhOoiophtel  Soeleljil  ttatflitt^ 
nd  «r  the  B071I  flodet  J  of  LoodoB. 

t  6eetheartlele**MMeocoIog7,**iatheAgrieQltiixalBeportoftheriileiitOffle^lv 


I  Bee  the  imirttrn  Jooad  ef  Bdaee  flor  Vo?.  IMi 
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^^^  AMordlDg  to  the  ttriot  rale  of  scienoe,  that  in  all  thoM  OOSM 
vbere  experun«DUd  proof  m  po«ible,  he  who  flnt  BoppUei  it  is  the 
tne  discorerer,  Dr.  Jonle  lUDBt  be  asaigned  the  foromost  ptsoe 
among  the  modern  investigatorB  of  the  mbJecL  Ue  dealt  irith  the 
whole  qneaUon  upon  the  basis  of  experimenL  He  labored  with 
gnat  perMverance  snd  akill  to  determine  tlie  meolianical  eqnirnlent 
of  hut — the  oomer'StoDe  of  the  edifice ;  tmil  io  accomplishiDg  this 
rwnltui  1650,  hemajbeBudtohavoniatared  the  workof  Bumford, 
■nd  finally  eetabliahed  upon  an  experimental  bans  the  great  law  of 
tbermo-dTiianiies,  to  remain  a  demonstration  of  science  forever. 

ProAMOr  Grove  lias  also  worked  out  the  gnhjeet  in  his  own  in- 
4«p«Dd«nt  way.  Combining  original  experimental  invcstigatioDS 
of  gnat  Bontenesii  with  the  phUosopbio  emploTinent  of  the  gen- 
gnl  reinltt  of  sm«nce,  he  was  the  first  to  give  complete  and  system- 
•tie  6xpr«9don  to  the  new  views.  His  able  work,  which  opens 
tb«  present  seriM,  is  an  anthoritative  exposition,  and  an  acknowt- 
•dged  clusio  upon  the  subject. 

Agun,  the  claims  of  Dr.  Ma^er  to  on  eminent  and  enviable 
■jItM  amoog  the  pioneers  of  this  great  sdenttfic  movement,  are  nn- 
'^Mttlonable,  There  has  evidently  been,  on  the  part  of  some  Bng- 
^•h  writers,  an  nnworthy  inclination  to  depreciate  his  merits, 
which  haji  giren  rise  to  a  sliarp  and  searching  oonlroversy.  The 
intelleotaal  rights  of  the  Germnn  philosopher  have,  however,  been 
decisively  vindicated  by  the  ctiivolric  pen  of  Prof.  Tyndall;  and  it 
i»  to  the  pobUc  interest  thns  excited,  that  we  are  indebted  for  the 
IraniUtion  of  Mayer's  papers,  which  appear  in  this  volume.  Mtyer 
did  not  experiment  to  the  extent  of  Joule  and  Grove,  yet  he  well 
knew  lis  importance,  and  made  snch  InTestigatlons  as  his  apparatns 
ud  the  duties  of  a  laborions  profession  would  allow.  Yet  his 
riowa  wec«  not  iherefore  mere  ingenious  and  probable  corOectares. 
lUfttr  ot  the  resnlts  of  modem  science,  and  of  the  mathcmatioal 
methods  of  dealing  with  them,  possessing  a  broad  philosophic 
msp,  and  an  extraordinary  mental  pertinacity.  Dr.  Mayer  entered 
firly  opoB  the  inquiry,  and  not  only  has  he  developed  many  of  it 


M 


done  Ilzs  irnrk  xzaidv  cirnimscmices  snl  i&a 
kens  the  hisfiesc  »!3zirmcioit  &y  his  ccninSb* 


An  eniaect  uxchoricj  bas  rcmarfced  "  diat  tl  eae 
areoioa  wMcb  ?r?f!isw»  poeKMioiu  zidker  dian  aaj  luthwto 
granted  to  tii«  intdLect  of  maa.*  lart^Tinc  v  tiicr  do  *  NTotetiQa 
of  fbadamcsital  tdeaa^  their  cocseqTxeaees  most  be  m  compnihnH 
sre  as  th«  ran^  of  bmnan  thoo^t.  A  principle  baa  bean  darval- 
oped  of  aII-perTai£n^  appIicacion«  which  brin^  the  direne  asd 
£5t3nt  bnBch«»  of  knovled^e  into  more  intimate  and  hannouoaa 
aZBance.  and  adfocds  a  proioonder  insisht  into  the  anircnal  otdcr. 
Xot  ooIt  15  science  itself  deeplj  af «cced  by  the  prcaentatioii  of  ha 
qoesczondw  in  new  and  rozzestire  U^htsk  bnt  its  method  is  at  onee 
made  cniTemL  There  is  a  crude  notion  in  many  nnndsv  that  it  f^ 
the  bnsinen  of  science  to  occapj  itself  merelT  with  the  stad/  cf 
matter.    When,  hitherto,  it  has  pressed  its  inqmries  into  the  fai^har 


•  PtaCiyDdaU  rauika:  -M^cr  prababif  lad odC  dw bmba «r 

Uaacl^  bol  bt  ranmrkf^  cbc  records  at  ucpcriaenul  soumc  ibr  tJs  dati,  and 
tksA  eeafarTed  apoo  hia  wrltinga  %  f crengsh  which  ssere  ipccolatiioa  e 
Trom  th«  eztncu  vhSefa  f  hart  glren,  the  nodcr  mar  taSer  Us  itroo^  dcriiv  flr  ( 

tititfT*  aenmer.  tbt  rlnraiM  of  his  iMisht,  and  the  fl miii  of  Us 

taff  tkt  weofBittoo  whSeh  wfU  b«  wllhnauly  Mcontod  to  Dr.  Msjcr,  a  iteda  of  ttMMa 
cr  doabt  haa  aaTar  evoaaad  my  mind.  ladiTidoali  may  seek  to  poll  him  dova,  hot 
fbtir  cfforta  wlil  ba  onaTiiUiig  aa  tcnf  aa  aodi  eTidenee  of  Bis  pealas  csiata,  and  m 
loaf  aa  tba  ignenl  nlnd  of  homanltj  ia  taflaraoad  bj  wiaMnatfaiia  of  Jostiea  aal 

mch. 

•Tha  ymmLltj  of  httU  la  ICajrts'a  tlma  haa  baao  nifed  aa  if  it  were  a  Nptoack  la 
Mm ;  bni  H  oo^t  to  ba  ramambercd  that  tho  qiuuitltj  of  bet  neccaaarj  to  a  feiietaU»- 
UOB  la  dlfferf  at  frjr  dlffnreat  mloda.  *  A  word  to  the  wIm  fa  anffident  for  them,*  aat 
a  aififU  flMi  In  aoma  mlada  bean  ftvlt  that  a  hondrad  eaaaot  prodiine  fa  oCkvi. 
Ifajra/a  data  wore  eompanUlYaly  aeaatf ,  bat  Ua  gaaiaa  want  fcr  to  aapply  the  Wt  «f 
aapariaMBt,  bj  caaUlaf  him  to  aaa  daarlj  tha  beariaf  of  ioch  liwte  aa  ha  rniinmiil 
Thar  anablad  bhn  to  thlak  ant  tha  Uw  of  eonaeiration,  and  hia  condiiaSoaa  recatrad 
tha  stamp  of  mrtalaty  from  tha  aubaeqaent  ezperimontal  labors  of  Mr.  Jonle.  Ib  ni- 
afosee  to  thHr  eompainttTa  merlta,  I  would  mj  that  aa  Bear  and  Geaaialtnr,  )faj«^ 
la  Uf  oplBlon,  alaada  flnt-^w  aajparioKiilg/  pkUot§pk4t^  JituisJ* 
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n|ton  of  life,  ndnd,  oodDtf,  historj,  and  edncftUon,  the  traditioDa] 
cnatodiana  of  these  aubjects  have  bidden  it  beep  within  ita  limits 
and  atiek  to  matter.  Bat  Bcienee  is  not  to  be  hampered  by  thia 
BUTOiT  conoeptioD ;  its  office  is  nothing  less  thni  to  investigate  the 
laws  and  uniTersal  relations  of  force,  and  its  domain  is  tJierefore 
coext«nalre  with  the  display  of  power.  Indeed,  as  we  know  noth- 
Inf  (rf  matter,  except  throngh  its  iminifestation  of  forces,  it  is  oh- 
vioM  Uiat  the  siadj  of  matter  itself  is  at  last  resolved  xato  the 
etody  «f  forces.  The  establishment  of  a  now  pbilosophy  of  forces, 
tjkarefora,  t^  its  vast  eitenaoo  of  the  scope  and  methods  of  sci- 
eaoa,  eonstitntes  a  momentous  event  of  intellectual  progress. 

The  diacnuioDs  of  the  present  volame  will  make  full;  apparent 
the  importanoe  of  the  new  doctrines  in  relation  to  physical  science, 
btK  their  higher  implications  arc  hat  partially  unfolded.  In  the 
concloding  artiole  Dr-  Carpenter  hoe  shown  the  applicability  of  the 
prlndple  of  correlation  to  vital  phenomena.  His  argument  is  of 
interest,  not  only  because  of  the  facts  and  principles  established, 
hat  as  opening  an  inquiry  which  mnst  lead  to  still  larger  results; 
for.  If  the  principle  he  fonnd  operative  in  fnndaraenta)  oi^anio 
processes;,  it  will  undonbtiidly  be  traced  in  those  which  are  higher; 
a  is  the  lower  sphere  of  life,  then  tlironghout  that  sphere.  If  the 
Ibteca  ore  correlated  in  organic  growth  and  nutrition,  they  must  be 
is  organic  action ;  and  thns  human  activity,  in  all  its  formi,  is 
Iwmghl  within  the  operation  of  the  law.  As  a  croatnro  of  or- 
gttia  Dtitrjtioi),  borrowing  matter  and  force  A-om  the  ontward 
noiid;  as  a  being  of  feeling  and  sendbiiity,  of  intellectnal  power 
uid  mnltlfortn  activities,  man  mnst  be  regarded  as  amenable  to  the 
peat  law  that  forces  are  convertible  and  indestmctible ;  and  as 

I|i7cli(dog7  and  sociology — the  science  of  mind  and  the  science  of 
tedsiy — bare  to  deal  constantly  with  different  phoses  and  forms 
(rbnman  energy,  the  new  principle  mnst  bo  of  the  profonndest 
tepon  In  relation  to  these  great  subjects. 

Tfa«  forces  manifested  to  the  living  system  are  of  the  moat 
misil  and  onlike  eharaeter,  mecbanical,  thermal,  lominons,  electric^ 


I 

I 
I 


ohwiioRl,  nerroQS,  seDsor^,  einotional,  and  intelleetuoL  That  tli«a 
foroefl  are  perfect!;  coOrdinnted — thftt  there  is  some  deflniw  relation 
amoDg  them  whiclr  eiplaim  the  tastrellons  dpiamio  UdHj  of  tho 
living  organiam,  does  not  admit  of  qnestioti.  That  this  relation  U 
of  the  Bame  nature  as  that  which  is  found  to  exist  among  the 
pnrely  phjsical  forces,  end  which  is  eipressod  by  the  lena  '  Corrd' 
stion,'  seems  sbo  abondantly  evident.  From  the  great  oomplex* 
it7  of  the  conditions,  the  «ame  exactness  will  not,  of  coarse,  btt 
expected  here  as  in  the  inorganic  Beld,  but  this  is  one  of  the  at 
ssry  lifflitatlonB  of  all  physiological  and  psychological  Itaqniry ; 
qnoUfied  the  proofa  of  the  correlation  of  the  nervona  and  mental 
fbroea  with  the  physical,  are  afl  clear  and  deciaive  as  those  for  tha 
physical  forces  alone. 

If  a  cnrrent  of  electricity  is  passed  throngb  a  small  wiro  it 
produces  heat,  while  if  heat  ia  applied  to  a  certain  combinatiolt  of 
metals,  it  reproduces  a  cnrrent  of  electricity;  these  forces  sro, 
therefore,  correlated,  A  current  of  electricity  passed  throngh  ■ 
small  portion  of  a  motor  or  sensory  nerve  will  excite  the  nc 
foro«  in  the  remainder,  while,  on  the  other  hand,  os  is  shown  In  tbo 
OBsa  of  tho  torpedo,  tho  nerve-force  may  generate  electricity. 
Nerve-force  may  produce  heat,  light,  electricity,  and,  as  we  ooa- 
etandy  experience,  mechanical  power,  and  these  in  their  tarn  lasj 
also  excite  nerve-force.  Tliis  form  of  energy  ia  therefore  denrif 
entitled  to  a  place  in  the  order  of  correlated  ogetioles. 

Again,  if  we  taite  the  highest  form  of  mental  action,  vix. :  frill-- 
power,  we  find  that  while  it  commands  the  movements  of  the  ay^i 
tem,  it  does  not  act  directly  upon  the  mnscles,  bat  opon  the  cerebral 
hemispheres  of  the  brain.  There  is  a  dynamic  chain  of  whick 
Tolmitary  power  is  bnt  one  link.  The  will  is  a  power  which  exdtw 
nerve-force  in  the  brain,  which  agwn  excites  mechanical  power  ia 
the  mnsotes.  Will-power  is  therefore  correlated  with  nerre-powef 
in  the  same  manner  as  the  latter  is  with  mascnlar  power. 
Carpenter  well  observes :  "It  is  difficult  to  see  tliat  the  dynamical 
ftgenoy  which  we  term  will  is  more  removed  from  nerve-force  on 


OOSKELATIOS  Or  TTEHTOUB  llSTi  UENTAL  FOBCES.   XZXUl 

Um  dw  h&nd  tbftn  nerve-forM  is  removed  troin  motor  force  on  the 
other.  Each,  in  giving  origin  to  the  next,  is  itself  expended  or 
oeasea  to  exist  ai  ttieA,  snd  each  bears,  in  its  own  intensitj,  a  pre- 
cise relation  to  that  of  ita  antecedent  and  its  cooaeqaent."  We  have 
here  onlj  space  brieSy  to  trace  the  principlo  in  ito  application  to 
Hoaations,  motions,  and  intellectnal  operations. 

The  physical  agencies  acdng  npon  inauimate  objects  in  tlie 
external  world,  change  thetr  fonn  and  state,  and  we  regard  these 
chaagea  na  tranBformed  monifeatatioDs  of  the  forces  in  action.  A 
body  is  heated  by  bamtncriug;  the  heat  is  bnt  transmuted  mecbatu- 
cal  force;  or  a  body  is  pat  in  motion  by  beat,  a  oortoin  quantity 
being  transformed  bto  mechanical  effect,  or  motion  of  the  maas. 
And  »o  it  ia  held  that  no  force  con  arise  except  by  the  expenditure 
of  K  preexisting  force,  Now,  the  living  system  ia  acted  npon  by 
the  aame  agendea  and  nndor  the  some  law.  Impressions  made 
^oa  the  organs  of  sense  give  rise  to  sensations,  and  we  have  the 
Mine  warrant  in  this,  as  in  the  former  case,  for  regarding  the  effects 
■•  Iraaaformations  of  the  forces  in  action.  If  the  change  of 
nobcolor  state  in  a  melted  body  represents  the  heat  transformed 
in  ioang  it,  so  the  sensation  of  warmth  in  a  living  body  mnst 
r^reoent  the  heat  transformed  in  producing  it.  The  impression  on 
tbe  retina,  as  nell  as  that  on  the  photographic  tablet,  results  from 
tli«  transmuted  impulses  of  light.  And  thns  impresdons  made 
from  moment  to  moment  on  all  onr  organs  of  sense,  are  directly 
aDrrel«l«d  with  external  physical  forces.  This  correlation,  further- 
more,  ia  quantitative  as  well  as  qualitative.  Not  only  does  the 
Ji^it-fotce  produce  its  peculiar  sensations,  but  tbe  intensity  of  these 
Moaations  corresponds  with  the  intensity  of  the  force;  not  only  is 
atnMipberia  vibratioD  transmuted  into  the  sense  of  sound,  bnt  the 
energy  of  the  vibration  determines  its  loudness.  And  so  in  all 
Other  casu ;  the  quantity  of  sensation  depends  npon  the  qoontily 
of  the  force  acting  to  produce  it. 

Moreover,  sensations  do  not  terminate  in  tbemselvea,  or  come 
to  osttbitis  i  tlicy  produce  certain  correlated  end  equiral^nt  efieota. 


^^  *>!h^i  «f  fifta,  bwt  found,  odfiv,  laate,  iitJMUi^  wn  !» 
B^  Mknred  bj  pbTBologieil  cAcu,  w  Moradon,  iniisoid« 
Ac  BcpMrionB  incrcMC  the  ooartraclaoM  cf  the  he>rt>  Mid 
^  ^  Veen  latdj  muntained  tliAt  crvx  nfrmiarioB  eontnctB  the 
s«K«kr  fibres  Uiroiighaiit  the  whole  Tiecakr  flyatan.  Hie  ra- 
yiTV^rcr  mtucles  aUo  respond  to  itensatians;  the  rate  id  breatfalog 
'>««Bi9  UBcreesed  b j  both  pleesnrable  and  painibl  ua  f  e-impraariona, 
Dm  ^vantitT  of  sensation,  moreoTer.  oontrols  the  qnaiititj  ef  amo- 
ttooL  Load  soonds  produce  Tioient  startB,  fiaagneaUe  taataa  oanaa 
w?  tectt^  and  sharp  pains  gire  rise  to  riolent  ttng^^m.  Evan 
whien  sroans  and  cries  are  suppressed,  the  clenched  hands  and  aefc 
Mekh  show  that  the  mnscnlar  excitement  is  onl j  taking  another 


Between  the  emotions  and  bodilj  actions  the  correiation  and 
aqwraknee  are  also  equally  clear.  Moderate  actions,  Eke  modaarata 
lanMUHTinTi,  excite  the  heart,  the  vascnlar  system,  and  the  glMiAilap 
offansL  As  the  emotions  rise  in  strength,  however,  the  Tariooa 
sysiems  of  muscles  are  thrown  into  action ;  and  when  they  readi  a 
Mcvain  pitch  of  intensity,  riolent  conTolsive  movements  enaoai 
An^er  frowns  and  stamps;  grief  wrings  its  hands;  joy  danoea  and 
W«pe — the  amount  of  sensation  determining  the  quantity  of  corrda" 
nr^  noTement 

Dr.  Carpenter,  in  his  Physiology,  has  brought  forward  mnneraaa 
eua^filidoations  of  this  principle  of  the  conversion  of  emotion  into 
liUTJiaf*^  M  I'^A  ^  ^^®  common  workings  of  human  natora. 
^gai  wnons  have  experienced  the  difSculty  of  ntting  still  under 
V^  Mcitement  of  the  feelings,  and  also  the  relief  afforded  by 
%eMliM^  w  active  exercise ;  while,  on  the  other  hand,  repression  of 
^  Wh>v«aMiit8  protracts  the  emotional  excitement.  Many  irasdUe 
-■H4cac«i  g«t  relief  trcm  their  irritated  feelings  by  a  hearty  explosion 
«'  tiftV\  Others  by  a  violent  damming  of  the  door,  or  a  prolonged 
a  ^<^'  crumbling.  Demorstrative  persons  habitually  expend  their 
i^^AiMS  la  action,  while  those  who  manifest  them  less  retain  them 
^^iMc;  kwiiTt  the  former  are  more  weak  and  transient  in  their 
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■ttacbnients  than  the  latter,  whose  unexpended  enotions  become 
parmBDent  elements  of  charscter.  For  the  Bitme  reason,  thoM  who 
ore  lend  and  vehement  in  their  lamentations  seldom  die  of  p^ef; 
while  the  deep-seated  emotions  of  Borrow  which  othora  cannot 
work  off  in  rioltint  demonstrations,  depress  the  organic  functions, 
and  often  wear  out  the  life.  " 

The  intelleetnaJ  operations  are  also  directly  correlated  with 
phjrneal  aetivities.  As  in  the  inorgsnic  world  we  knoir  nothing 
of  forcM  except  as  exhibited  bj  matter,  so  in  the  higher  intellectual 
realm  we  know  nothing  of  mind-force  except  through  its  material 
manifestations.  Hental  operations  are  dependent  upon  material 
ohangesin  Uie  nervous  system ;  and  it  may  now  be  regarded  aaaj 
ftmdamental  phyriolo^cal  principle,  thst  "no  idea  or  feeling  caa 
■riM,  MT0  as  the  result  of  some  physical  force  expended  in  pro- 1 
tecmg  i%"  The  directness  of  this  dependence  is  proved  by  tho 
fact  that  any  distarbance  of  the  train  of  cerebral  transformstjoiu 
£M«rbs  mentality,  while  their  arrest  destroys  it.  And  here,  also, 
Uu  correlation  is  qnantitatiT«.  Other  things  being  equal  there  i9  a 
ralatian  between  tlie  size  of  the  nerve  apparatus  nnd  the  amonnt 
of  incstal  action  of  which  it  is  capable.  Again,  it  is  dependent 
vpoD  the  vigor  of  the  ctrcnlation ;  if  this  is  arrested  by  the  cessation 
tf  the  heart's  action,  total  unconsciousness  results;  if  it  is  enfeebled, 
mralal  action  it  low ;  while  if  it  is  qi^ckened,  mentality  rises,  even 
todeUriiim,  when  the  cerebral  activity  becomes  excesave.  Agun, 
the  late  of  brain  activity  U  dependent  upon  the  special  chemical 
Ingredienta  of  the  blood,  oxygen  and  carbon.  Increase  of  oxygen 
Siq;m«nts  cerebral  action,  while  increase  of  carhonio  acid  depresses 
it.  The  degree  of  mentality  is  also  dependent  npon  the  phosphatie 
MKUlitnenta  of  the  nerrons  system.  The  proportion  of  phosphomt 
fa  the  brain  is  smallest  in  infancy,  idiocy,  and  old  age,  and  greatest 
dwing  the  prima  of  hfe ;  while  the  quantity  of  alkaline  phosphates 
«ccnt«d  by  the  kidneys  rises  and  falls  with  the  variations  of  mental 
ootirlty.  The  equiTolence  of  physical  agencies  and  mental  effects 
la  itill  fbrthor  seen  in  the  action  of  various  snbstances,  as  alcohol, 


tiMlriih  Bitrcm  oiides  cte^  vhcn  abaorbed  into  the  blood. 
VhiUa  ilbe  Smix»  cf  t^Mir  peeoliar  Aotion  vpon  tho  nenroos  oeatray 
tib»  citct  ctf  «Mik  »  mnedj  proportioiiBte  to  tho  quantity  taken. 
IWvt  31  a  coHttu  n(Do  Itacca  tbe  anteoedentB  and  oonaeqnenti. 
"*  Htfv  tUi  ^MmaephoBf  takes  pleoe — how  a  f oroe  *^«*^«*(f 
at  Bwow*  IbMS..  or  S^l.  can  beeome  a  mode  of  conaoioo«e— 
kow  ifi  »  p«9Wtb£i»  for  aSnl  TibratioQs  to  generate  tlie  eenaation 
we<a£l90«ita2,or5}r  tib»forra»EbieraudbTcheniicel  diangee  in  the 
bniB»  «>  9cv«  riae  to  CBiocioau  tkew  are  mjateriea  vliioh  it  ia  im- 
poanble  w  £ukioiB.  &u  uwj  are  not  prafonnder  myBteiiea  than 
db»  taraiidti>raiaExoii  oi  ske  pkjiscal  foacea  into  each  other.  Thaj 
aM  3iix  iBore  comp^w&T'  Nejooi  ocr  compiehenaon  than  the 
TiafinnM  oc  mlal  asd  3taswr.  Tbe j  haT«  smplj  the  aame  inaoln- 
biH^  ;»  aZI  (M^MT  ttlsfluM  <iMis«KG3^  We  can  learn  nothing  more 
ikan  tiles  keN  »  cae  oiT  ike  caiiuciBiiMa  in  the  aider  of  plie- 


rs Uv  cif  vvcre&UMCL  Ski^  ^v  ap(^icahle  to  hnman  energy 

aa  w^  aa  w  ike  fow^m  ^>f  naisK.  it  mn<t  also  ai^y  to  aodeCji 

« Vm  w*  svtt«att:<v  wiUM^  ;ke  v»nT«nion  of  fotoaa  on  a  oompre- 

k<«atYt»  *ciaX\     T^  pow«*o>f  casur^^  a?v  trans^bnned  into  the  adir- 

iRM vN(  Avi^x  :  «»sier-|v««^.  vuKl->>ver«  s<«am-power,  and eleetri- 

ca^^>«x>r  are  fsoMiMsi  ia:v^  «ke  *x-ul  yrrrk^^  nedncing  hnman  labor, 

w*^<jxt^  Twssirc^  a»a  oarr^cia^  c^a  nemberleae  indnsteial  pro- 

sMeHe    v^e<iNl  ti»  c\«tv«k>a  of  ik<«i^  toctw  into  aodal  acti^tiaa 

ia  yae  \V'  t*^  okhff  lH*»i>ii»  \^f  oWiUttiioo.    The  nniTeraal  foeei 

i»C  keai  aivl  l^:^!  M>^  tTMMSlvvnnea  by  the  re^eiable  kingdom  bito 

Aie  xMi  env^K'r  %>r  ^^r^aaio  (\^|SHiiid^  and  then,  as  food,  are  ^aia 

<^mt^lH«d  luK^  haman  beia^p*  and  human  power.    The  reiy  eziat- 

«Me  M  w^l  aa  ihe  aclitilx  ^^  ^vWi t  ar^  ^^Tioadf  dependent  iqwa 

^  v|^e«alk««  ^xf  >  t>«^taiae  j:T\x>ir  ih.    V  hen  that  is  abondant,  popo- 

Mwa  lae?  Nn\huo  dea^w,  aiul  KVial  aeUriUea  maltiiarioiia  and 

OiMai^waWd.  >KhUe  a  a.vwit  vt^uikui  entails  sparae  population 

ami  <n»»eVM  a^vial  aolivH\.      An^r  univ^raal  dbtnrbanoe  of  the 

1lk^«MJi  tei\>ra^  aa  eivewivv  rains  or  dnMiih,  by  rednctng  the  har- 


i 
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Test,  is  felt  thronghcrat  the  entire  aoctal  orgatusm.  Where  this 
effect  is  marked.  Bud  not  eonnteracted  b^  free  commnnicntioa  with 
more  fertile  regioDR,  the  means  of  Uie  commanitj  become  restricted, 
baaineos  declines,  raanoiactnres  are  reduced,  trade  slackens,  travel 
&U«  off,  lunrie*  are  diminislied,  education  is  oeglectect,  marriagea 
■re  fewer,  and  a  thonsond  kindred  results  indicate  decline  of  enter- 
priM  and  depression  of  the  social  energies. 

In  a  dynamical  point  of  tiew  there  is  a  strict  analogy  between 
tbe  iodiridnal  and  the  social  econoinies — the  same  law  of  force 
goreraa  the  development  of  both.  In  the  cose  of  the  individnnl, 
tbe  amonnt  of  energy  which  be  possewca  at  any  time  is  limited, 
and  when  consnmod  for  one  purpose  it  uonnot  of  coarse  be  had  fot 
aBOth«r.  An  nndne  demand  in  one  direction  involves  a  com* 
qMndIng  defidcncy  elsewhere.  For  example,  excessive  action  of 
tta  digMtive  system  eifasnsta  the  mascular  and  cerebral  ^stemB, 
wUk  excMiive  action  of  the  muscular  system  is  at  the  expense  of 
tbe  eefebral  and  digestive  organs;  and  again,  exeossive  action  of 
Ou  brain  depresses  the  digestive  and  mnscnlur  energies.  If  tho 
fond  of  power  in  tlie  growing  constitutions  of  children  is  overdrawn 
in  any  s]>edAl  channel,  as  is  often  the  cose  by  cices^ve  stimnlstioD 

tb»  brain,  the  nndne  abstraction  of  energy  from  ottur  portions 

tiM  lytteni  ii  surfi  to  entju]  some  form  of  pbynological  disaster. 

viib  tbe  aodal  organism;  iU  forces  being  limited,  there  is  but  a 
drfnil*  amoimt  of  power  to  be  consumed  in  the  various  social 
activiliea.  Ite  qipropriation  in  one  way  makes  impossible  its  em- 
pbynwnt  in  another,  and  it  can  only  gtaa  power  to  perform  one 
hnetion  by  tie  loss  of  it  in  other  directions.  Tliis  fact,  that  social 
tone  cannot  bo  created  by  enactment,  and  that  when  dealing  with 
prodacing,  distributing,  and  commercial  activities  of  the  com- 
ity, legislation  can  do  little  more  than  interfere  with  tfa^ 
courses,  deserves  to  be  more  thoroughly  appreciated  by  the 

I  the  law  in  question  boa  yet  higher  besjings.    More  and 
)  pereeiving  that  the  condition  of  hanianity  and  th« 


of  otuEiiImb  ttP6  £nct  ronitniti  of  tiio  fimMs  liy  wUob 
contralbd.  WhaX  wc  tenn  Ilia  mord  order  ol  aodety,  im- 
p&w  a  itriet  regvlarhj  m  die  aetioa  of  tiiese  forces.  Modem  itih 
<fiadioae  a  rsnarkaUe  ccwftmncy  in  the  iBoral  aetiTifciee  man* 
IB.  caauBiDicieB  of  bmd.  Czimeii  and  eren  the  modes  of 
htswm  been  obenied  to  oecnr  with  amdfennitjr  wlBeh  adndti 
of  dMur  prediktioo.    Each  period  raa j  therefore  be  aaid  to  have  iti 

of  BMraKtr  and  Jastioe.    It  has  been  maintdwed, 
wi&good  uaaoa>that  ^the  degree  of  Bbertj  a  peo- 
flala  sa^aMe  ef  la  anj  ^ren  age^  is  a  fixed  qnantitT^  and  that  anj 

of  ic  in  one  diiection  brings  about  an  eqnifa- 
in  9QBM  ocher  direction.  FVendh  rerohitiona  tbiofw 
reapect  for  indiTidnal  ri^ts  than  the  deq»otiani 
lh[t5  Mpfjani:  and  JFVench  electors  nse  their  freedom  to  pot 
l^MMsivta  again  in  daTerr,  So  in  those  eoomivmtica  where  State 
MMreiaft  »  IMtl«.  we  mar  «xpect  to  find  it  soppiemented  by  the 
elecner  rwiraiate  oi  pabtic  opinion.** 

9ai  wifiety  like  the  in^Tidiial  is  progressiTe.  Although  at 
eeich  ftl^^^  t3«f  indiTtdaal  growth  the  forces  of  the  organion,  phjd- 
^(fcf^'nL  inti^ilectnaiL  and  passional  hare  each  a  certain  defiidte 
iWM^al  %>f  ftrmgth^  Tct  these  ratios  are  constantl j  changing^  and 
tl  is  in  this  change  that  derdopment  essentially  consists.  So  with 
Mi^My;  the  raiMsnn^  action  of  its  forces  gives  rise  to  a  fixed 
ilM^mat  of  m\^raIitT  and  libertr  in  each  age,  but  that  amount  in- 
^tiaai»  with  ikkM  cvolntion.  The  savage  is  one  in  whom  oertain 
^lawis  ^'^  IWUng«  and  emotions  predominate,  and  he  becomes  dvH- 
^m4  JasI  in  proportion  as  these  feelings  are  slowly  replaced  by  oth- 
ers ^  *  higher  character.  Yet  the  activities  which  determine 
hwMM  advancement  are  various.  Not  only  must  we  regard  tiie 
l^viil\4\^eal  forces,  or  those  which  pertain  to  man's  physical  or^ 
gi^v^italHHl  and  capaciUcSi  and  the  psychological,  or  those  resnlting 
^N\sw  hi«  intelloctoal  and  oinoUonal  constitution,  but  the  influences 
\^  1^^  ^vtv^riial  world,  and  those  of  the  sodal  state,  are  likewise  to 
Ve  ^^««M«red»    Man  and  lodety,  thorefor^  as  viewed  by  the  eya 
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ice,  presenta  series  of  vast  and  complex  d^nomicftl  problema, 
Btadicd  in  the  foturo  Id  tlio  light  of  the  great 
Iiw  hj  irhich,  we  hare  reuon  to  helieve,  oU  forma  and  [diuM  of 
force  ore  goreroed.  — 

A  farther  aspect  of  the  sabject  romnins  still  to  be  noticed.  Mr. 
Herbert  Spencer  has  the  honor  of  crowniog  thia  ■ablime  inqnir?  b; 
ahowing  that  the  law  of  the  conservation,  or  as  he  prefera  to  tenn  it 
the  'Penistenco  Of  Force,' aa  it  is  the  underljing  principle  of  aUb&> 
log,  ia  alao  the  fundamental  truth  of  aU  philosopbj.  With  masterlj' 
analTtJo  efciU  he  baa  shown  that  this  principlo  of  which  the  human 
mind  had  just  become  fiillj  conscious,  is  itself  the  profoundest  law 
of  the  homan  mind,  the  deepest  foundation  of  eonsciousnesB.  He 
has  demonstrated  that  the  law  of  the  Persbtence  of  Force,  of  which 
the  most  pierong  intellecU  of  past  times  had  bnt  partial  aud  nn- 
■atisfjing  glimpses,  and  which  iJie  latest  sclentiGo  research  haa 
ditfdoaed  oaagreat  principle  of  natore,  has  a  jet  more  transcendent 
cluraoter;  is,  in  fact,  an  d  priori  tmth  of  the  highest  order — a 
truth  which  ia  neceasarilj  involved  in  onr  mental  organization; 
which  la  broader  than  any  possible  induction,  and  of  higher  validity 
than  aaj  other  tmth  whatever.  Thia  principle,  which  ia  at  once 
the  highest  result  of  scientific  investigation  and  metsphyncal 
■salyais,  Mr.  Spencer  has  made  the  basis  of  Ms  new  and  compre- 
baBsive  System  of  Phllosophj ;  and  in  the  first  work  of  the  series, 
(otitled  "First  Principles,  "  he  has  developed  the  doctrine  in  iU 
broadest  philosophic  aspects.  The  lucid  reasoning  by -which  he 
roach  f  his  conclusions  cannot  bo  presented  here ;  a  brief  eitract 
or  two  win,  however,  serve  to  indicate  the  important  place  asugned 
to  the  law  by  thia  aonte  and  profound  inqnirer : 

"  Wo  might,  indeed,  be  certun,  even  in  the  absence  of  any  such 
tatijK*  as  the  foregoing,  that  there  must  exist  some  prindple 
iridoh,  as  being  the  basis  of  science,  cannot  bo  established  by  soi- 
iUM.  AU  reaaoned  out  conclusions  whatever  must  rent  on  soma 
portnlata.  As  before  shown,  we  cannot  go  on  merging  derivative 
tretha  in  theae  wider  and  wider  tmlhs  from  which  they  are  de- 


kto  St  vikk  we  hsf«  anmd.  Its  attkoritr  tiHMMMds  dl  oOm 
CoTBoi  coljkilgmB  imth* 
bat  it  k  impoflBble  to 
gOBilitiitrf  m  not  to  gire  it.  Tboo^t^  inmliiag  mmftj  tih» 
IkiniMBt  of  rdatioiii^  ma j  be  reedilj  concetTed  to  go  om  whSltb  jit 
tfaeee  reletione  bsre  not  been  ofganlaed  into  the  ebiteMti  we  eil 
fpeoe  and  time;  and  so  there  if  a  coiieeiTafale  kind  of  eonacioHnes 
wliieh  doea  not  eootatn  the  Initha  eommonly  called  dprimif  in> 
Tolredin  the  organlTation  of  theae  fonns  of  rdationa.  Bvttiioq^ 
cannot  be  conceiyed  to  go  on  without  some  ekment  between  wUdi 
ita  rdationa  maj  be  eatabhahed;  and  lo  there  is  no  coneeiTabla 
kind  of  confldooaneai  which  doea  not  hnplj  continned  frrintfiiefi  aa 
ftt  datouL  Conicioqaneat  without  this  oar  that  partieolar  ten  is 
possible;  bnt  eonacionsneai  without  eantemU is imposribie, 

^  The  sole  troth  which  tnmscends  experience  b J  mideriyiBg  it|  Is 
thns  the  Perdstence  of  force.  This  being  the  basia  of  ezperieD0% 
most  be  the  basis  of  anj  scientific  organization  of  experiencea.  To 
this  an  oltlmate  analjsis  brings  ns  down;  and  on  this  a ntSooil 
ijnthesis  must  be  built  np.^ 

To  the  question,  What  then  is  the  Tslue  of  experimental  iufea- 
tigations  upon  the  subject,  if  the  truth  sought  cannot  be  estab- 
lished bj  inductions  firom  them?  Mr.  Spencer  replies:  "Th^are 
of  Tslue  M  disclosing  the  man  j  particular  implications  whidi  the 
general  truth  doea  not  spedf^ ;  they  are  of  yalue  as  teaching  us  how 
much  of  one  mode  of  force  is  the  equiyalent  of  so  much  of  another 
mode ;  they  are  of  Talue  u  determining  under  what  conditiona  eaeb 


9  oocors ;  mid  thej  are  of  value  as  leading  hb  to  in- 
foire  in  what  shape  the  remnant  of  force  has  escaped,  when  the 
•pparmit  reaolts  are  not  equivalent  to  the  cause."  And  it  taaj  b« 
■U«d,  that  it  is  to  these  investi^Ciona  that  we  are  indebted  for  the 
dear  and  comprebendve  establishment  of  the  principle  as  a  law  of 
phjriiettl  lUtare;  pSfchologicaJ  aoalyus  having  onl;  shown  that  it 
extends  mncb  farther  than  it  is  the  bneiness  of  experimental  science 
toga 

Tbni  the  law  characterized  b^  Forada;  as  the  highest  in  phje- 
ieal  aeieDce  which  oar  facnlties  permit  us  to  perceive,  has  a  for 
more  extended  sway;  it  might  well  have  been  proclaimed  the 
highest  law  of  all  science — the  moat  far-reaching  principle  that 
•dventoring  reason  lias  discovered  in  the  nniverse.  Its  itnpendoos 
reach  spans  oil  orders  of  existence.  Not  onlj  does  it  govern  the 
moTements  of  the  heavenly  bodies,  bnt  it  presides  over  the  genesis 
of  the  constellations;  not  onlf  does  it  control  those  radiant  floods 
of  power  which  fill  the  eternal  spaces,  bathing,  warming,  illumining 
and  rivifjing  oar  planet,  bat  it  roles  the  actions  and  relations  of 
men,  and  regnlates  the  march  of  lerreBtrial  aflWra.  Nor  is  its  do- 
minion United  to  physical  phenomena;  it  prevails  equally  in  the 
world  of  mind,  controlling  all  tlie  facnlUea  and  processes  of  thought 
and  feeling.  The  Btar-snns  of  the  remoter  gnlozies  dart  their  ra- 
diations across  the  universe ;  and  althoagh  the  distances  are  so  pro- 
foond  that  hundreds  of  centuries  may  have  been  required  to  traverse 
them,  the  impnlses  of  force  enter  the  eye,  and  impressing  an  atomic 
change  upon  the  nerve,  give  origin  to  the  sense  of  sight.  Star 
and  nerve-tissue  are  parts  of  the  same  system — stellar  and  nervous 
forces  are  correlated.  Kay  more;  sensation  awakens  thoaght  and 
kindles  «motion^  so  that  this  wondrous  dynamic  chain  binds  into 
bring  nnity  the  realms  of  matter  and  mind  through  moasureleH 
amplitndes  of  space  and  time. 

And  if  the«e  high  realities  ore  but  faint  and  fitful  glimpses 
which  sdunce  has  obtained  in  the  dim  dawn  of  discovery,  what 
most  be  the  gtoiice  of  the  coming  day  1    If  indeed  they  are  but 


zlii  nnraaDuoiSQV. 

^pebbles*  gatliered  from  the  thores  of  the  grett  ocean  of  trails 
what  are  the  mjsterieB  still  hidden  in  the  bosom  of  the  mi^tj  hbp 
explored?  And  how  far  transcending  all  stretch  of  thonght  thai 
Unknown  and  Infinite  Oaose  of  all  to  which  the  knman  spirit  turns 
erermore  in  solemn  and  mysterious  worship  I 

It  remains  onl j  to  observe,  that  so  immense  a  step  in  the  pro* 
gross  of  our  knowledge  of  natoral  agencies  as  the  following  pages 
disclose,  cannot  be  without  effect  upon  the  intelleotual  cnltiirs 
of  the  age.  To  the  adherents  of  that  scholastic  and  yerbal  edn- 
cation  which  prefers  words  to  things,  and  ancient  to  modem 
thought;  which  ignores  the  study  of  nature,  and  regards  the  pro* 
gross  of  science  with  indifference  or  hostility,  it  matters  little  what 
views  of  the  world  are  entertained,  or  what  changes  theae  viewi 
may  undergo.  But  there  is  another,  and  happily  an  inoreainng  dasi^ 
who  hold  that  it  is  the  true  destiny  of  mind  to  comprehend  the 
vast  order  of  existence  in  the  midst  of  which  it  is  placed,  and  that 
the  fjRCulties  of  man  are  divinely  ad^ted  to  this  sublime  taak;  who 
see  that  the  laws  of  nature  must  be  understood  before  they  can  be 
obeyed,  and  that  only  through  this  understanding  can  man  rise  to 
the  mastery  of  its  powers,  and  bring  himself  into  final  harmony 
with  his  conditions.  These  will  recognize  that  the  discovery  of 
new  principles  which  expand,  and  elevate,  and  harmonize  oar  views 
of  the  universe— which  involve  the  workings  of  the  mind  itselil 
open  a  new  chapter  in  philosophy,  and  touch  the  very  foondatioiis 
of  knowledge,  cannot  be  without  a  determining  infiuenoe  upon  tha 
ftiture  course  and  development  of  thoughti  and  the  spirit  aad 
methods  of  its  acquisition. 
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WiLUAM  RoBBBT  Gbotk,  in  EngUih  lawyer  and  phjiioiiti  was  bom  il 
8iraiiMa»  Jolj  14,  1811.  He  graduated  at  Oxford  in  1884,  and  during  tlit 
next  fiTO  yearn  waa  Professor  of  Natural  Fhflosophy  at  the  Loodon  loBti- 
tatkn.  Professor  Gnnre  is  a  rare  example  of  the  abOity  wbkltk  has  acUersd 
a  disUnguished  eminmce  in  different  fidds  of  effoit.  While  pamdng  ivtth 
marked  snooess  the  profession  of  an  advocate,  he  has  devoted  his  Islsnre  to 
original  scientific  researches,  and  obtained  a  hi^  diatinotion  both  at  a  Ai> 
coTerer  and  a  philosophic  writer  upon  sdentifio  suljects.  In  186S  Im  wm 
made  Queen*8  Counsel,  and  afterwards  Vice-President  of  the  Boyal  Botkftf, 
He  is  the  inventor  of  the  powerful  galvanic  battery  known  by  his  nams^  and 
his  chief  researches  have  been  in  the  fidd  of  electricity.  Hany  of  his  as> 
perimental  reaulta  are  referred  to  in  the  following  pagea,  wUdi  will  also 
atteat  Ua  Ugh  position  among  the  founders  of  the  new  phUotoplij  €f 


\SE  Phrase  '  CorrelBtion  of  Physical  Forces '  in 
X  which  I  bare  used  it,  haviag  become  recogniud  b;  a  Urge 
imber  of  scientific  writers,  it  wonid  prodoce  confusion  were  I 
'W  to  adopt  another  title.  It  would,  perhaps,  have  been  better 
I  had  in  the  first  instance  used  the  term  Co-relatioa,  ns  th« 
}rdB  'correlate,'  'correlative,' had  acquired  a  peculiar  metapkys- 
il  sense  somewhat  differing  from  that  which  I  attached  to  the 
ibatsntive  correlation.  The  passage  in  the  text  (p.  1S3J  explains 
I  meaning  I  have  giren  to  the  term. 

Twentv  years  having  elapsed  since  I  promulgated  the  views 
ituned  in  this  Essaj,  which  were  first  advanced  in  a  lecture  at 
|fce  London  Inatitation  in  January  1842,  and  subsequently  more 
ifoUj  developed  in  a  course  of  lectures  iTi1B43,I  think  it  advisable 
(o  add  a  little  to  the  Preface  with  reference  to  other  labourers  in 
fte  Mme  field. 

It  has  happened  with  this  subject  as  with  many  others,  that 
mllsi  ideas  have  independently  presented  themselves  to  differ- 
it  toiiids  about  the  same  period.  In  May  1843  a  paper  was 
■yobUahed  by  H.  Mayer  which  I  had  not  read  when  my  last  edition 
pablished,  and  indeed  only  now  know  imperfectly  by  the 
translation  of  a  friend.  It  deduces  very  much  the  same 
aonclusions  to  which  I  had  been  led,  the  author  starting  prtrtlj 
from  d  frriori  reasoning  and  partly  from  an  experiment  by  which 
'  waa  heated  by  agitation,  and  fh>m  another,  which  had,  how- 
previousty  been  made  by  Davy,  viz.  that  ice  can  be  melted 
fcj  friction,  though  kept  in  a  medium  which  is  below  the  freezing 
point  of  water. 

tn  1S43  s  paper  by  Mr.  Joule  on  the  mechanical  eg;aiTaIent  i>f 


heat  appeired,  whk^  thoQgli  Dot  in  tenns  toadiiiig  on 

and  necessary  dependence  of  all  the  Ffajaieal  Foroea,  yet  bean 

moat  importantly  upon  the  doctrine 

While  my  third  edition  was  going  throng^  the  pnaa  I  had 
the  good  fortune  to  make  the  acquaintance  of  H.  S^goin,  who 
informed  me  that  his  micle,  the  eminent  Hontgolfier,  had  long 
entertained  the  idea  that  force  was  indentruciible,  though,  with 
the  exception  of  one  aenteDoe,  in  hia  paper  on  the  hydranlic  nuBi 
and  where  he  is  apparently  speaking  of  mechanical  foroo,  he  haa 
left  nothing  in  print  on  the  sohject  Not  so,  howerer,  M.  SegoiB 
himself^  who  in  1889,  in  a  work  on  the  '  Influence  of  Railioadi,* 
has  distinctly  expressed  hia  onde^s  and  hia  own  yiewa  on  tha 
identity  of  heat  and  mechanical  force,  and  haa  giyen  a  eilcolaiicii 
of  their  eqtdyalent  relation,  which  is  not  fiff  firom  the  more  leoont 
numerical  results  of  Mayer,  Joule,  and  others. 

Sereral  of  the  great  ^thematicians  of  a  much  earlier  period 
adTocated  the  idea  of  what  they  termed  the  Conseryatioii  of  Foioa^ 
but  although  they  considered  that  a  body  in  motion  would  ao 
continue  for  ever,  unless  arrested  by  the  impact  of  another  hodf^ 
and,  indeed,  in  the  latter  case,  would,  if  elastic,  still  continae  to 
move  (though  deflected  from  its  course)  with  a  force  proportion- 
ate to  its  elasticity,  yet  with  inelastic  bodies  the  general,  and,  aa 
for  as  I  am  aware,  the  universal  belief  was,  that  the  motion  waa 
arrested  and  the  force  annihilated.  Moni^lfler  went  a  Btq>  for- 
ther,  and  his  hydraulic  ram  was  to  him  a  proof  of  the  truth  of 
his  preconceived  idea,  that  the  shock  or  impact  of  bodiea  left  the 
mechanical  force  undestroyed. 

Previously,  however,  to  the  discoveries  of  the  voltaic  batteiyy 
electro-magnetism,  thermo-electricity,  and  photogrraphy.  It  wia 
impossible  for  any  mind  to  percdve  what,  in  the  greater  nnmbwr 
of  cases,  became  of  the  force  which  was  apparently  loat  Tim 
phenomena  of  heat,  known  from  the  earliest  times,  would  haivs 
been  a  mode  of  accounting  for  the  resulting  force  in  many  caaea 
where  motion  was  arrested,  and  we  find  Bacon  announcing  a 
theory  that  motion  was  the  form,  as  he  quaintly  termed  it,  of 
Jieat.  Rumford  and  Davy  adopted  this  view,  the  former  with  a 
fair  approximate  attempt  at  numerical  calculation,  but  no  one  of 
these  philosophers  seems  to  have  connected  it  with  the  ind^ 
structibility  of  force.    A  passage  in  the  writings  of  Dr.  Bpget^ 


cotab&ting  the  theory  that  mere  contact  of  disxii  lilur  bodies  vm 
the  source  of  Toltaic  electricity,  philoBophically  supports  his  argu- 
ment by  the  idea  of  non-creation  of  force. 

As  I  fasTc  introdaced  icto  the  later  edidons  of  mj  Essay  at>- 
Btreets  of  tho  different  discoveries  which  I  have  found,  since  my 
fine  lectures,  to  bear  upon  the  sobject,  I  hiive  been  regarded  by 
msny  rather  as  the  historian  of  the  progress  made  in  this  branch 
of  thought  than  aa  one  who  has  had  anythiag  to  do  with  its  ini- 
tiation. Ereiyone  b  but  a  poor  judge  where  he  is  himself  inter- 
I,  and  I  therefore  write  with  diffidence,  but  it  would  be  affect 
;  an  indifference  which  I  do  not  feel  if  I  did  nut  state  that  I 
e  myself  to  have  been  the  first  who  introduced  this  subject. 
■«  generalised  system  of  philosophy,  and  continued  to  enforce 
§■  fn  my  lectnrea  and  writings  for  many  years,  during  which  it 
A  witli  the  opposition  uauiU  and  proper  to  novel  ideas. 
I  Arocations  necessary  to  the  well-being  of  others  have  prevent- 
■  my  following  it  up  experimentally,  to  the  extent  that  I  once 
;  but  I  trust  and  believe  that  this  Essay,  imperfect  though 
l^be,  has  helped  materially  to  impress  on  that  portion  of  the 
pblic  which  devotes  iU  attention  rather  to  the  philosophy  of 
eaoe  titan  to  what  ie  now  termed  scicuce,  the  truth  of  the  thesia 

»  To  show  that  the  work  of  to-day  is  not  substantially  different 

n  the  thoughts  I  first  published  on  the  aubjcct,  at  a  period 

n  I  knew  little  or  nothing  of  what  had  been  thought  before, 

nntnre  to  give  a  few  extracts  from  the  printed  copy  of  my 

e  of  1842  :— 

LPbjncal  Science  Ireala  of  Msller,  and  what  I  sh»n  to-night  lenn  Its 
^kflbfu,-  nunety,  Attraction,  UoUon,  Qcat,  Ught,  Elcclricitv,  Mtpietr 
^  Obeodcal-AfflDity.  When  these  re-act  upon  matter,  they  CDnsdtule 
Fcea.  The  present  tcmdency  of  theory  seems  (o  lead  to  the  opfoion  that 
■A  these  Affbctioni  are  resolvable  into  one,  namelj,  Uotion ;  hewerer, 
■boold  the  ibeories  on  Ihoe  subjects  be  nllimately  so  effectually  gener- 
aUaed  a*  to  become  laws,  (hey  cannot  avoid  the  necessity  for  rciaining  dif- 
ferent  nanei  for  these  dUTcrcnt  Afflictions ;  or,  aa  ihey  woold  then  ba  ciuled, 

(Efferent  modee  of  Uotlon 

(BrMed  proved  that  Eleclrieitv  and  Magnetism  are  two  forces  which  act 

apoB  each  other ;  net  in  straight  lines,  as  ^  other  koown  forces  do,  but  in 

a  raetaogular  direction :  ihu  it,  that  bodies  invested  wUb  electricity,  or  tlie 

MWdiiiM  of  an  electric-current,  tend  to  place  magnets  at  rigbt  angles  U 

^^Htan :  and,  conversely,  thit  magnets  tend  to  place  bodies  conduclicg  eleo 

^^Hby  at  ()j^  angles  to  (hem.    .... 


KigDedBB,  looiiied  philoBoiiben  to  wttk  the  ciomeiie  cflhefc;  that  i^i  to 
adnoe  ElectrichT  from  a  pennancBt  magnet: — bad  tbew  eqwrimoitaaili 
■nccccded  in  their  eipectatiopi  of  making  a  atitionary  magnet  a  aopeacl' 
ciectrio^iBTeDtB,  thcr  woold  haTo  realiaed  the  andent  dvaama  of  pmpabial 
motion,  ther  woold  hare  oonTerted  statics  into  djnamiea,  Ihej  woold  hn% 
prodoced  power  witfaoot  ezpemfitiiie ;  in  other  wocda,  thej  woold  ha^  bi^ 
eome  creators.  Tbej  fitiled,  and  Fandaj  saw  their  error;  he  prated  thiA 
to  obtain  Electridtj  from  Magnetism  it  was  neeessary  to  soperadd  to  thia 
latter,  motion ;  that  magnets  while  in  motion  indneed  electricity  bk  0Q» 
tigooos  eondoctors ;  and  that  the  direction  of  soch  deetrie-coRCDta  wai 
tangential  to  the  polar  direction  of  the  magnet ;  diat  as  Pjiianiiii  elwiliUiljp 
may  be  made  the  sooroe  of  Magnetism  and  Motion,  so  Magnetism  ooqjoiaed 
with  Motion  may  be  made  the  sooroe  of  Ekctricitj.  Hers  ovipnates  tha 
Sdenee  of  Magneto-dectricitr,  the  tnie  conrerse  of  Electro-magnetiBi; 
•aoDd  thns  between  Electricitr  and  Magnetism  is  shown  to  exist  a  recfpracitj 
of  force  socfa  tiiat,  considenng  either  as  the  inimarf  agent,  the  other  bi^ 
eomes  the  re-agent ;  Tiewing  one  in  the  relation  of  caose,  the  other  Is  tha 
effect.    .... 

The  Science  of  Thenno-ElectricitT  connected  heat  with  deetriehy,  and 
prored  these,  like  all  other  natural  forces,  to  be  capable  d  mntoal  rea»> 
tion.    .... 

Voltaic  action  is  Chemictf  action  taking  place  at  a  distance  or  traoa- 
ferred  through  a  chain  of  media ;  and  the  Daltonian  equiralent  namben 
are  the  exponents  of  the  amoont  of  roltaic  action  for  correqxmding  dMnd- 
oal  substances.      ... 

B  J  regarding  the  quantitT  of  electrical,  as  directly  proportional  to  the 
efficient  chemiad  action,  and  by  experimentally  tracmg  this  prineiple,  I 
have  been  fortunate  enough  to  increase  the  power  of  the  Yoha&^nle 
more  than  sixteen  times,  as  compared  with  any  combination  pterioasly 
known.     .... 

I  am  strongly  disposed  to.  consider  that  the  facts  of  Catalyms  depend 
upon  Yolt&ic  action,  to  generate  which  three  heterogeneous  subetances  are 
always  necessary.  Induced  by  this  belief  I  made  some  experiments  on  the 
subject,  and  succeeded  in  forming  a  yoltaic  combination  by  gaseous-oxygen, 
gaseous-hydrogen,  and  platinum ;  by  which  a  galvanometer  was  deflected 
and  water  decomposed.    .... 

It  appears  to  me  that  heat  and  light  may  be  considered  as  afliMStians; 
or,  according  to  the  Undulatory-theory,  vibrations^f  matter  itself^  and  not 
of  a  distinct  etherial  fluid  permeating  it :  these  vibrations  would  be  prop- 
agated, just  as  sound  is  propagated  by  vibrations  of  wood  or  as  waTes  by 
water.  To  my  mind,  all  ^e  consequences  of  the  Undulatory-theoiy  flow 
as  busily  from  this,  as  from  ihe  hjrpothesis  of  a  specific  ether ;  to  aoppoae 
which,  namely,  to  suppose  a  fluid  nti  generU^  «nd  of  extreme  toiuity  pene- 
trating solid  bodies,  we  must  assume,  first,  the  existence  of  the  fluid  Itself; 
secondly,  that  bodies  are  without  exception  porous;  thirdly,  that  these 
pores  communicate;  fourthly,  that  matter  is  limited  in  expanabSUty. 
None  of  these  difficulties  apply  to  the  modification  of  this  theory  wUch  I 
Tcnture  to  propose ;  and  no  other  difficulty  applies  to  it  which  does  not 
d^ually  apply  to  the  received  hypothesis.  With  regard  to  the  planetary 
spaces,  the  diminishing  periods  of  comets  is  a  strong  argument  for  the  ez- 
iitence  of  an  universiSly-diffiiaed  matter :  this  has  Uie  Amotion  of  redst- 
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A  ltMi«  wippetn  te  be  no  reuoD  to  diren  It  of  tlic  fimclioiu  oom- 
■n  matter,  or  luperfldall;  Uj  appropriate  it  to  certain  *3)!ctlan& 

n.  the  pheDomena  of  truispiircnoj  and  opacity  bkj,  lo  mj  mind,  moro 

maij  explicable  by  Ihe  rormer  lltan  by  the  latter  theory  ;  aa  resulIiBg  from 
a  dflkrcnoe  in  tlie  molecular  amuigeiiient  of  tlie  muner  affected.  In  ro- 
gktd  to  the  eSbcls  of  doublorcfrBCIian  and  polarisation,  the  molccolar 
gi*M  al  otice  a  Kason  for  the  eOccta  upon  the  one  theory,  while  upon  Ifae 
odMV  we  must,  m  addition  (a  previous  issumpliaDS,  further  assume  a  tUf- 
ttmu  elasticily  of  the  ether  ic  diSerent  directions  nithio  the  doobly- 
TtAacliiig  moiUunL  The  some  theory  ia  applicable  lo  Electricity  aod 
Hienctiim;  my  own  experiments  □□  the  influence  of  ihe  elastic  inlenuadhun 
oa  the  Totuic-arc,  and  those  of  Faraday  on  electrical  induccion,  tWnieb 
Strang  arguments  in  support  of  it.  Hy  inolinalion  would  lead  me  to  de- 
tain yoQ  on  this  subject  mucli  longer  than  my  judgment  deems  advisable: 
I  therefore  content  myself  with  offering  it  lo  your  consideration,  and, 
-    should  my  avocations  permit,  I  may  ol  a  future  period  more  fully  dcvelope 

Light,  Heat,  Electricity,  Hagnelism,  Uotion,  and  Chemicataffinity,  an 
all  conrenible  material  affL-ctions ;  aasumiug  either  as  the  cause,  ono  of 
the  otben  will  be  the  effect :  ibiu  beat  may  be  said  (o  produce  electricity, 
electricity  lo  produce  best ;  magnelism  to  produce  eleclriclQ',  electricity 
msgnelism ;  and  so  of  tbe  test.  Cause  and  effect,  therefore,  in  their  at>- 
■ttaci  relation  (□  theee  forces,  are  words  si)|e1y  of  canTenience :  wc  are 
tolallii  unacquainted  with  the  ultimate  generatrag  power  of  each  and  all 
of  them,  and  probably  shall  ever  remuD  so ;  we  con  only  ascertain  the 
tutrmat  of  ihor  action :  we  muBt  humbly  refer  Iheir  causation  to  one  onuj- 
preaent  influence,  and  content  ourselTcs  with  studying  their  elTccls  and 
deretoiODj  by  eiperiment  their  mutual  relatioas. 

I  have  traoiposed  the  pftssages  relating  to  voltaic  action  and 
(Mtalj^ns,  but  I  have  not  added  a  word  to  the  above  qaotatiou, 
•nd,  as  far  as  I  am  now  aware,  the  theory  that  the  so-cftlied  im- 
ponderable* are  aflections  of  ordinary  matter,  that  tfaey  are  re- 
■olvable  into  motion,  that  they  arc  to  be  regarded  in  their  action 
on  taatter  as  forces,  and  not  as  specific  cntides,  and  that  tbcj  are 
capable  of  mntaal  reaction,  thence  altematiily  acting  as  caitac  and 
effect,  bad  not  at  that  time  been  publicly  advanced. 

My  original  Essays  being  a  record  of  lectnrea,  and  being  pub- 
liahed  by  tbe  managers  of  tbe  Institution,  I  necessarily  adhered 
to  the  form  and  matter  which  I  had  orally  communicated.  In 
preparing  subsequent  editions  I  found  that,  without  destroying 
the  identity  of  the  work,  I  could  not  alter  the  style ;  although  it 
would  iiave  been  less  difficult  and  more  aatisEactory  to  me  to  have 
done  BO,  tbe  work  would  not  have  been  a  republication  ;  and  I 
wu  for  obvious  reasons  anitious  to  preserve  as  far  as  I  could  tbe 
original  text,  which,  though  added  to,  is  but  little  altered. 

The  form  of  lectures  haa  necesaorily  continued  the  use  of  tha 


wbich  isfiirfioiii 

broadly,  it  is  ^bai,  if 

the  style  beeooMi 


only  be  vsefU  by  indnfiiiig  the 

L  the  sabject  he  heucs  tested,  so  the 

to  indiioe  a  psrticidsr  tnin  of  thoogfat 

Ihsa  to  enter  with  minnte 


Is  one  or  two  of  tte  ictkus  of  iireikms  editioDs  the  geiienl 
of  the  work  was  oljected  to.  I  bdiere,  howerer,  that  wOl 
not  DOW  be  the  case ;  the  mathematicsl  laboois  of  Ifr.  Thompsoiiy 
ClansHB,  and  odiers,  though  not  soitaUe  for  insertioii  in  an 
&Bay  sadi  as  this,  hsTe  awakened  an  interest  £jr  many  portioDi 
of  the  sobfed,  iHiidi  promises  much  for  its  ftitare  progresBi 

Tlie  short  and  iiregnlar  interrsls  whidi  my  profession  pamiis 

to  derote  to  sdenoe  so  prevent  the  continnity  of  attention 
£jr  the  prefer  erolotian  of  a  tiain  of  thooght,  that  I 
certainly  shoold  not  now  hsTe  conrsge  to  pablish  for  the  first 
time  soch  an  Bass  j ;  and  it  is  only  the  laTonr  it  has  leoeiTed 
from  those  whose  opinions  I  highly  yahie,  and  the,  I  trost  pardon- 
able, wish  not  to  let  some  &Tonrite  thoughts  of  my  youth  lose  all 
oonnection  with  my  name,  that  haTS  induced  me  to  reprint  it 

My  sdentific  readers  win,  I  hope,  excuse  ^e  Tery  short  notices 
of  certain  branches  of  science  which  are  introduced,  as  without 
them  the  work  would  be  unintelligible  to  many  for  whom  it  is 
intended.  I  haye  endeayoured  so  to  airsnge  my  matter  that  each 
diTision  fihould  form  an  introduction  to  those  which  foUow,  and 
to  assume  no  more  preliminary  knowledge  to  be  possessed  by  my 
readers  than  would  be  expected  from  persons  acquainted  with  the 
elements  of  physical  science. 

The  notes  contain  references  to  the  original  memoirs  in  whic3i 
the  brsnches  of  science  alluded  to  are  to  be  found,  as  well  as  to 
those  which  bear  on  the  main  arguments ;  where  these  memoin 
are  numerous,  or  not  easy  of  access,  I  have  referred  to  treatises  in 
which  they  are  collated.  To  prevent  the  reader's  attention  being 
interrupted,  I  have  in  the  notes  referred  to  the  pages  of  the  text| 
instead  of  to  interpolated  letters. 


^^^P*              GOBBELATION                       ^^H 

^^k                                                                                         1 
■          PHYSICAL   FORGES        ^^J 

^^               I.— INTRODUCTORY  REMARKS.                     ^ 

^RrirT'HEN  natural  phenomena  are  for  the  first  ti  ce  ob- 
VV    eerveil,  a  tendency  immediately  developea  itself  to 
refer  them  to  somclking  previooaly  known — to  bring  them 
vithia  the  range  of  acknowledged  scqoencea.     The  mode  of 
regarding  new  tacts,  which  is  most  favourably  received  by 
tiie  public.,  is  that  which  reifers  them  to  recognised  views — 
eUunpB  them  into  the  mould  in  which  the  mind  has  been  al- 
ready shaped.     The  new  fact  maybe  far  removed  from  those 
to  which  it  18  referred,  and  may  telong  to  a  different  order 
of  analogies,  but  this  cannot  then  be  knomi,  as  its  co-ordi- 
nates   are   wauting.      It  may  be  questionable   whether  the 
mind  ifl  not  so  moulded  by  past  events  tha.t  it  is  impossible 
to  advance  an  entirely  new  view,  but  admitting  such  posei- 
bility.  the  new  view,  necessarily  founded  on  insufRcient  data, 

strained  attempt  to  reconcile  the  new  discovery  with  known 
facts. 

The  theory  consequent  upon  new  facts,  whether  it  be  a 
eo-ardination  of  them  with  known  ones,  or  the  more  difficult 

■-                      -1 
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and  dangerous  attempt  at  remodeDing  the  pabUe  ideas,  is 
generally  enunciated  bj  the  discoTerers  themeelvee  of  liia 
facts,  or  bj  those  to  whose  authority  the  world  at  the  period 
of  the  discovery  defers ;  others  are  not  bold  enough,  or  if 
they  be  so,  are  unheeded.  The  earliest  theories  thus  enimciap 
ted  obtain  the  firmest  hold  upon  the  public  mind,  for  at  soeh 
a  time  there  is  no  power  of  testing,  by  a  sufficient  range  of 
experience,  the  truth  of  the  theory ;  it  is  accepted  solely  or 
mainly  upon  authority :  there  being  no  means  of  contradio- 
tion,  its  reception  is,  in  the  first  instance,  attended  with  some 
degree  of  doubt,  but  as  the  time  in  which  it  can  fairly  be  in- 
yestigated  far  exceeds  that  of  any  liyes  then  in  being,  and  at 
.  neither  the  individual  nor  the  public  mind  will  long  tolerate 
a  state  of  abeyance,  a  theory  shortly  becomes,  for  want 
of  a  better,  admitted  as  an  established  truth :  it  is  handed 
from  father  to  son,  and  gradually  takes  its  place  in  edii> 
cation.  Succeeding  generations,  whose  minds  are  thos 
formed  to  an  established  view,  are  much  less  likely  to  aban- 
don it.  They  have  adopted  it  in  the  first  instance,  upon  an* 
thority,  to  them  unquestionable,  and  subsequently  to  yield  up 
their  faith  would  involve  a  laborious  remodelling  of  ideas,  a 
task  which  the  public  as  a  body  will  and  can  rarely  under- 
take, the  frequent  occurrence  of  which  is  indeed  inconsisteni 
with  the  very  existence  of  man  in  a  social  state,  as  it  would 
induce  an  anarchy  of  thought— a  perpetuity  of  mental  revo- 
lutions. 

This  necessity  has  its  good ;  but  the  prejudicial  effect 
upon  the  advance  of  science  is,  that  by  this  means,  theories  the 
most  immature  frequently  become  the  most  permanent ;  fixr 
no  theory  can  be  more  immature,  none  is  likely  to  be  so  in* 
correct,  as  that  which  is  formed  at  the  first  fiush  of  a  new 
discovery ;  and  though  time  exalts  the  authority  of  those 
from  whom  it  emanated,  time  can  never  give  to  the  illustri- 
ous dead  the  means  of  analysing  and  correcting  enoneoos 
views  which  subsequent  difcoveries  confer. 
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Take  for  instance  the  Ptolemaic  System,  which  we  m&j 
•hnoet  Uterallj  explain  by  tha  espreasion  of  Shokspeore : 
*  He  that  is  gi<]()y  thinks  the  world  turns  round.'  We  now 
Me  the  error  of  thia  system,  because  we  have  all  an  imraedi- 
Ue  opporttmity  of  refuting  it ;  but  this  identical  error  was 
received  u  a  truth  for  centuries,  because,  when  first  promol- 
gated<  the  means  of  refuting  it  were  not  at  hand,  and  when 
the  meaoB  of  its  refutation  became  attainable,  mankind  had 
been  ao  educated  to  the  supposed  troth,  that  they  rejected  the 
proof  of  its  fallacy. 

I  have  premised  the  above  far  two  reasons :  first  to  obtain 
&  fair  bearingrby  requesting  as  far  as  possible  a  dismissal 
firom  the  mind  of  my  readers  of  preconceived  views  by  and  in 
favour  of  which  all  are  liable  to  be  prejudiced ;  and  secondly, 
to  defend  myself  from  the  charge  of  undervaluing  authority, 
or  treating  Lightly  the  opiDiom  nf  those  to  whom  and  to 
whose  memory  mankind  looks  with  reverence.  Properly  to 
value  authority,  we  should  catimote  it  together  with  its  means 
of  information :  if '  a  dwarf  on  the  shoulders  of  a  giant  can  'i 
we  further  than  the  giant.'  he  is  no  less  a  dwarf  in  compari-  ) 
MD  with  the  giant. 

The  subject  on  wliich  I  am  about  to  treat — vir.,  the  rela- 
tion of  the  affections  of  matter  to  each  other  and  to  maticr — 
peculiarly  demands  an  unprejudiced  regard.  The  different 
aspects  under  which  these  agendes  have  been  contemplated  i 
the  different  views  which  have  been  taken  of  matter  itself; 
the  metaphysical  subtleties  to  which  these  views  unavoidably 
lead,  if  poraoed  beyond  fair  inductions  from  existing  ezp^ 
rienoe,  present  difficulties  almost  iasunnoun tabic. 

The  extent  of  claim  wliich  my  views  on  this  subject  may 
bave  to  originality  has  been  stated  in  the  Preface  ;  they  be- 
came strongly  impressed  upon  my  mind  ot  a  period  when  I 
'Was  mnch  engaged  in  experimental  resejirch,  and  were,  as  I 

r  believed,  and  still  believe,  regarding  them  as  a  system, 
:  expressions  in  the  works  of  different  authors,  bearing 
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«M«  «r  IcM  on  the  eabject,  hare  rabsequently  been  pointed 
o«i  ta  me,  Home  of  which  go  back  to  a  distant  period.  An 
atiempt  to  analyse  these  in  detail,  and  to  trace  how  far  I 
liaw  been  anticipated  hj  other*,  would  probably  bnt  little 
iaivivfi  the  reader,  and  in  the  coarse  of  it  I  shonid  constantly 
Imw  lo  make  distinctions  showing  wherein  I  differed,  and 
wWrvin  1  agreed  with  others.  I  might  cite  aothorities  which 
ai^Hiar  to  me  to  oppose,  and  others  which  appear  to  coincide 
with  certain  of  the  views  I  have  pnt  forth :  bnt  this  wonld 
i'Aivrrupl  the  consecntive  developement  of  mv  own  ideas,  and 
wi^t  ivuder  me  liable  to  the  charge  of  misconstming  those  of 
«^lier» ;  I  therefore  think  it  better  to  avoid  snch  discussion  in 
t)K'»  M^^t :  and  in  addition  to  the  sketch  given  in  the  Preface, 
fv''  lUnnnh  in  the  notes  at  the  conclusion  such  references 
V  ^lillVreiit  authors  as  bear  upon  the  subjects  treated  of, 
«^k4(  I  bavo  discovered,  or  which  have  been  pointed  out  to 
Y^  ikiiuH*  I  lie  delivery  of  the  lectures  of  which   this  essay 

t'tt^t  more  extended  our  research  becomes,  the  more  we 

4^*^  %^%  kiuiwhul^  is  a  thing  of  slow  progression,  that  the 

Hvs  %  MN^uMtji  which  appear  to  ourselves  new,  have  arisen, 

^V^^  IvrhHiw  in  a  very  indirect  manner,  from  successive 

,r^v»)As^i\\Miii  «»f  traditional  opinions.     Each  word  we  utter, 

1^.*%  vW^KKt  we  think,  has  in  it  the  vestiges,  is  in  itself  the 

:..|.*s^M%  ^^1'  awte<"»edent  words  and  thoughts.     As  each  ma- 

•  . .;%    <s»^*  \N»uUl  wo  rightly  read  it,  is  a  book,  containing  in 

;m'.«   -^V  >v%«i  hintory  of  the  world ;  so,  different  though  our 

.^viVN'NvA^  ^**«**  "**^  appear  to  bo  from  that  of  our  progeni- 

i.  v«  ^l\l  iheim  addeil  to  or  subtracted  from,  transmitted 

^       V  vtH^'i^  ihioiigh  the  lUter  of  antecedent,  as  ours  wiU  be 

v^>»w^  A4<  *»t  milweciuent,  ngi»s*. — ^The  relic  is  to  the  past  as 

1^  j^  jfc,  ^M4\n  ^iihiiibU  liiots«  and  correct  deductions  fi!t>m 

ji^jgBi.    k^v  ^*  ^***  lUiuul   srnttered   amongst  the  voluminoua 

Yt  y«  ^  auelwU  philoMophors ;   yet,  giving  them  the 
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credit  which  they  pre-eminently  deserve  for  having  devoted 
iheir  livee  to  purely  intellectual  pursuits,  and  for  having 
ihooght,  seldom  frtvololuity,  often  profoundly,  nothing  can  be 
more  difficult  than  to  seize  and  apprehend  Uio  ideaa  of  lliose 
who  reasoned  from  abstraction  to  abBlraction — who,  although, 
03  we  now  believe,  they  must  have  depended  upon  ohserva- 
lion  for  their  first  inductions,  afterwards  raised  upon  them 
mch  a  complex  superstnielure  of  syltogiatic  deductions,  that, 

lant  following  the  same  paths,  and  tracing  the  same  sinu< 
)  which  led  them  to  their  conctusioiiB,  such  concluBioos 
g  unintelligible.  To  think  as  another  thought,  we 
must  be  placed  in  the  same  situation  as  he  was  placed :  the 
errors  of  commentators  generally  arise  from  their  reasoning 
npon  the  argumenis  of  their  text,  either  in  blind  obedience  to 
its  dicta,  without  considering  the  circumstances  under  which 
they  were  uttered,  or  in  viewing  tiie  images  presented  to  the 
ongin&l  writer  from  a  different  point  to  that  from  which  he 
viewed  them.  Experimental  pbiloaopby  keeps  in  check  the 
errors  both  of  d  priori  reasoning  and  of  commentators,  and, 
at  all  events,  prevents  their  becoming  cumulative ;  though 
the  theories  or  explanations  of  a  fact  be  difierent,  the  fact 
remains  the  same.  It  is,  moreover,  itself  the  exponent  of  its 
discoverer's  thought :  the  observation  of  known  phenomena 
has  led  him  to  elicit  from  nature  the  new  phenomena ;  and, 
though  he  may  be  wrong  in  his  deductions  from  this  after  it« 
discovery,  the  reasonings  which  conducted  him  to  it  are  them 
selves  valnable,  and,  having  led  from  known  to  unknown 
tnahs,  caji  seldom  be  nninstmctive. 

Very  different  views  existed  amongst  the  ancients  as  to  the 
aims  to  be  pursued  by  physical  investigation,  and  as  to  the  objects 
likely  to  be  attained  by  it.  I  do  not  here  mean  the  moral  ob- 
jects, such  as  the  attainment  of  the  tummwm  bonutn,  &C. 
— Imt  the  acquisitions  in  knowledge  which  snch  investiga- 
tioaa  were  likely  to  confer.  Utility  was  one  object  in  view, 
■ad  Uiia  was  to  some  extent  attained  by  the  progress  made  in 
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lohsTecoiutaiitljhadtliiBeiidiiiyieir;  but,  iHiile  powbg 
nmtnnl  knowledge  for  the  sake  of  knowledge  and  tlie  power 
whidi  it  brings  with  it,  the  greater  ninnber  seemed  to  ealv- 
tain  an  expectation  of  arriying  at  some  nltimata  goal,  aome 
point  of  knowledge,  wiiich  would  give  them  a  mastarj  over 
the  mjsteries  of  nature,  and  would  enable  them  to  aeccitain 
what  was  the  most  intimate  stmctnre  of  matter,  and  the 
caoses  of  the  changes  it  exhibits.  Where  tbej  eonld  noiidis* 
oorer,  they  speculated.  Leucippus,  I>emocritns,  and  odieni 
have  given  us  their  notions  of  the  ultimate  atoms  of  wliidi 
matter  was  formed,  and  of  the  modus  agtndi  of  nature  in  the 
various  transformations  which  matter  undergoes. 

The  expectation  of  arriving  at  ultimate  causes  or  easenees 
continued  long  after  the  speculations  of  the  ancients  had  been 
abandoned,  and  continues  even  to  the  present  daj  to  be  a  wj 
general  notion  of  the  objects  to  be  ultimatelj  f**iiii>ftd  bj 
physical  science.  Francis  Bacon,  the  great  remodeUer  of 
science,  entertained  this  notion,  and  thought  that,  by  ezperi* 
mentally  testing  natural  phenomena,  we  should  be  enabled  to 
trace  them  to  certain  primary  essences  or  causes  whence  the 
various  phenomena  flow.  These  he  speaks  of  under  the 
scholastic  name  of  ^  forms ' — a  term  derived  from  the  ancient 
philosophy,  but  differently  applied.  He  appears  to  have  unf 
derstood  by  ^  form '  the  essence  of  quality — that  in  which,  ab- 
stracting everything  extraneous,  a  given  quality  consists,  or 
that  which,  superinduced  on  any  body,'  would  give  it  its  pe» 
culiar  quality:  thus  the  form  of  transparency,  is  thai 
which  constitutes  transparency,  or  that  by  which,  when  dis> 
covered,  transparency  could  be  produced  or  superindnoed* 
To  take  a  specific  example  of  what  I  may  term  the  syn* 
thetic  application  of  his  philosophy :-— ^  In  gold  there  maei 
together  yellowness,  gravity,  malleability ,  fixedness  inthefira, 
a  determinate  way  of  solution,  which  are  the  simple  natures 
in  gold ;  for  he  who  understands  form,  and  the  manner  of 
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Incing  this  TeUowBees,  gravity,  dnctility,  fisedness, 
Uty  of  fbsioD,  soiutioD,  &c..,  with  their  particular  degrees 
L  proportions,  will  consider  how  to  join  them  together  in 
)e  body,  so  tbnt  a,  trenematation  into  gtild  shall  follow.' 
On  the  other  band,  the  analytic  method,  or,  '  the  enquiry 
n  what  origin  gold  or  any  other  metal  or  stoae  is  generated 
n  its  first  fluid  matter  or  rudiments,  up  to  a  perfect  min- 
•nl,'  ia  to  be  perceived  by  what  Bacon  calls  the  latent  pro- 
search  for  '  what  in  every  generation  or  transfor- 
jBialJoo  of  bodies,  flies  ofi*,  what  remains  behind,  what  is  add- 
fi,  what  separated,  &c. ;  also,  in  other  alterations  and  mo- 
tioiu,  what  gives   motion,  what  governs   it,  and  the  like.' 
Sannt  appears  to  have  thought  that  qualities  separate  from 
Ae  snbstunres  themselves  were  attainable,  and  if  not  capable 
physical  isolation,  were  at  all  events  capable  of  physical 
Jieference  and  super  induction. 
Subsequently  to  Bacon  a  belief  has  generally  existed,  and 
w  to  a  great  extent  exists,  in  what  are  called  secondary 
laes,  or  consequential  steps,  wherein  one  phenomenon  is 
!8sariiy  to  hang  on  another,  until  at  last  we  ar- 
isential  cause,  subject  immediately  to  the  First 
Cbusb.     This  notion  is  generally  prevalent  both  ou  the  Con- 
ji  this  country :  nothing  is  more  familiar  than  the 
■  study  the  effects  in  order  to  arrive  at  the  causes.' 
of  regarding  tbo  proper  object  of  physical  science 
ft  search  after  essential  causes,  I  believe  it  ought  to  be,  and 
lat  be,  a  search  afUr  facts  and  relations — that  although  the 
■arord  Cause  may  be  used  in  a  secondary  and  concrete  sense, 
meaning  antecedent  forces,  yet  in  an  abstract  sense  it  is  lo- 
ly  inapplicable ;  we  cannot  predicate  of  any  physical  agency 
tt  it  is  abstractedly  the  cause  of  another ;  and  if,  for  the  sake 
convenience,  the  laagoBge  of  secondary  causation  be  per- 
asible,  it  should  be  only  with  reference  to  the  special  ph^ 
mena  referred  to,  as  it  can  never  be  generalised. 
The  misuse,  or  rather  varied  use,  of  the  term  Cause,  has 
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been  a  eouroe  of  great  oonfonon  in  physieal  tibeGfieSy  and 
philosophers  are  even  now  bj  no  means  agreed  as  to  their 
conception  of  causation.  The  most  generally  reoeiTed  Tiew 
of  causation,  that  of  Hnme,  refers  it  to  invariable  anteoedenee 
— ^i.  e.,  we  call  that  a  cause  which  invariablj  precedes,  that 
an  effect  which  inyariablj  succeeds.  Many  instances  of  iiH 
variable  sequence  might  however  be  selected,  wbidi  do  not 
present  the  relation  of  cause  and  efiect :  thus  as  Beed  observes, 
and  Brown  does  not  satisfiBu^rily  answer,  day  invariably 
precedes  night  and  yet  day  is  not  the  cause  of  night.  The  seed, 
again,  precedes  the  plant,  but  is  not  the  cause  of  it ;  so  that  when 
we  study  physical  phenomena  it  becomes  difficult  to  separate  the 
idea  of  causation  from  that  of  force,  and  these  have  been  xegardsd 
as  identical  by  some  phOosophers.  To  take  an  example  idiidl 
will  contrast  these  two  views :  if  a  floodgate  be  raised,  the  water 
flows  out ;  in  ordinary  parlance,  the  water  is  said  to  flow  (e- 
catMe  the  floodgate  is  raised :  the  sequence  is  invariable ;  no 
floodgate,  properly  so  called,  can  be  raised  without  the  water 
flowing  out,  and  yet  in  another,  and  perhaps  more  strict,  sense, 
it  is  the  gravitation  of  the  water  which  catMesittoflow.  But 
though  we  may  truly  say  that,  in  this  instance,  gravitation 
causes  the  water  to  flow,  we  cannot  in  truth  abstract  the  pn^ 
position,  and  say,  generally,  that  gravitation  is  the  cause  of 
water  flowing,  as  water  may  flow  from  other  causes,  gaseous 
elasticity,  for  instance,  which  will  cause  water  to  flow  from  a 
receiver  full  of  air  into  one  that  is  exhausted ;  gravitation  may 
also,  under  certain  circumstances,  arrest  instead  of  cause  the 
flow  of  water. 

Upon  neither  view,  however,  can  we  get  at  anything  like 
abstract  causation.  1£  we  regard  causation  as  invariable  se* 
quence,  we  can  find  no  case  in  which  a  given  antecedent  is 
the  only  antecedent  to  a  given  sequent ;  thus  if  water  could 
flow  from  no  other  cause  than  the  withdrawal  of  a  floodgate, 
we  might  say  abstractedly  that  this  was  the  cause  of  water 
flowing.    If^  again,  adopting  the  view  which  looks  to  causa- 
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tioo  aa  A  force,  we  could  say  that  water  could  be  caused  to 
5ov  ooly  by  graTitatioD,  we  might  say  abBtractciUy  that  grav- 
iuUon  w»8  the  cause  of  wat«r  flowing — but  thia  we  caanot 
s*y ;  Mid  if  we  eeek  and  examine  any  other  example,  we 
fehall  find  (hat  caosation  is  only  predicafale  of  it  in  the  partic- 
oUr  cseei  and  caanot  be  supported  as  an  abstract  proposition ; 
J«t  this  a  oonatantly  attempted.  Nevertheless,  in  each  par- 
tiaUar  case  where  we  speak  of  Cause,  we  habitnalJy  refer  to 
■OHM  antecedent  power  or  ibree  :  we  never  see  motion  or  any 
ciuuige  in  mailer  take  efiect  without  regarding  it  as  prodnced 
by  wtae  previoua  change  ;  and  when  we  cannot  trace  it  to  its 
antecedent,  we  mentally  refer  it  lo  one  ;  but  whether  this  hab- 
it Ik  [duloflophicaUy  correct  is  by  no  means  clear.  In  other 
words,  it  ae«nu  questionable,  not  only  whether  caufio  and  ef- 
Csct  are  convertible  terms  with  antecedence  and  aequence,  but 
whether  in  fact  cause  docs  precede  effect,  whether  force  does 
procede  the  change  in  matter  of  which  it  is  said  to  be  the 


Tbe  actual  priority  of  cause  to  effect  has  been  doabted, 
aad  their  nmollaaeily  argued  with  much  ability.  As  an  in- 
■tanoe  of  this  argument  it  may  be  said,  the  attraction  which 
causes  iron  (o  approach  the  magnet  is  simultaneous  with  and 
eTor  acvompanics  the  morement  of  the  iron  ;  the  movement 
ia  evidence  of  the  co-existing  cause  or  force,  but  there  is  no 
e«iden«e  of  any  interval  in  time  between  the  one  and  the  oth- 
er. On  this  view  time  wonld  cease  to  be  a  necessary  element 
in  eaasalion ;  the  idea  of  couse,  except  perhaps  as  referred  to 
a  primeval  creation,  would  cease  to  exist ;  and  the  same  ar- 
gnmenta  which  apply  to  the  simultaneity  of  cause  with  oficct 
would  apply  to  the  simultaneity  of  Force  with  Motion.  We 
could  not,  however,  even  if  we  adopted  this  view,  dispense 
with  the  element  of  time  in  the  sequence  of  phenomena ;  the 
•flsct  being  tbas  regarded  as  ever  accompanied  simultaneous* 
ly  by  its  appropriate  cause,  wc  should  still  refer  it  t( 
MoedeDl  efiect ;  and  our  reasoning  as  applied  to  the 
««  production  of  all  natural  chonges  would  be  the  si 
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Habit  and  the  identification  of  thongfata  with 
ao  compel  the  use  of  recogniaed  tenns,  that  we  cannot  sfoid 
naing  the  word  cause  even  in  the  aenae  to  which  objection  ia 
taken ;  and  if  we  stnick  it  out  of  oor  vocabolaiy,  our  lai^ 
goage,  in  speaking  of  snccessiTB  changes,  wonld  be  nninleUi- 
gible  to  the  present  generation.  The  common  error,  if  I  am 
right  in  supposing  it  to  be  snch,  consists  in  the  abatimctionof 
cause,  and  in  supposing  in  each  case  a  general  aeeondaiy 
cause— ft  something  which  is  not  the  first  cause,  but  which,  if 
we  examine  it  carefully,  must  have  all  the.attribntes  of  a  fink 
cause,  and  an  existence  independent  of,  and  dominant  over, 
matter. 

The  relations  of  electricity  and  magnetism  aflford  na  a 
very  instructive  example  of  the  belief  in  secondary  canaa- 
tion.  Subsequent  to  the  discovery  by  Oersted  of  electitMnag^ 
netism,  and  prior  to  that  by  Faraday  of  xnagneto-electricity, 
electricity  and  magnetism  were  believed  by  the  highest  anthoi^ 
ities  to  stand  in  the  relation  of  cause  and  effect— i.  e*  elee^ 
tricity  was  regarded  as  the  cause,  and  magnetism  as  the  effect ; 
and  where  magnets  existed  without  any  apparent  electrical 
currents  to  cause  their  magnetism,  hypothetical  cnrrenta 
were  supposed,  for  the  purpose  of  carrying  out  the  cana- 
ative  view ;  but  magnetism  may  now  be  said  with  equal 
truth  to  be  the  cause ,  of  electricity,  and  electriciil  cnrrenta 
may  be  referred  to  hypothetical  magnetic  lines :  if  therrfbre 
electricity  cause  magnetism,  and  magnetism  cause  electricity, 
why  then  electricity  causes  electricity,  which  becomes,^  to 
speak,  a  reductio  ad  ahsurdum  of  the  doctrine. 

To  take  another  instance,  which  may  render  these  pon- 
tions  more  intelligible.  By  heating  bars  of  bismuth  and  anti* 
mony  in  contact,  a  current  of  electricity  is  produced ;  and  if 
their  extremities  be  united  by  a  fine  wire,  the  wire  is  heated* 
Now  here  the  electricity  in  the  metals  is  said  to  be  canaed 
by  heat,  and  the  heat  in  the  wire  to  be  caused  by  electricity, 
and  in  a  concrete  sense  this  is  true ;  but  can  we  ihenoe  aaj 
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st'Vtrnctedlj  that  heat  is  the  cause  of  electricity,  or  thai  eleo 
Ukiiy  ia  lh«  catise  of  heal?  Certainly  not;  for  if  either  b« 
trae,  both  mnst  be  ko,  and  the  effect  thco  becomei  the  canae 
of  the  cause,  or,  in  other  words,  a  thing  causes  itAelf.  Anj 
other  proposidon  on  this  subject  will  be  found  to  iaTolve  siin> 
Uar  difficulties,  until,  at  IcDgth,  the  nund  will  become  cod- 
Tuieed  that  abstract  secondary  cansation  does  not  exist,  and 
that  a  (earch  ai^er  essential  causes  is  vain.  — 

The  position  which  I  seek  to  establish  in  this  Essay  is, 
that  the  Tarions  aflections  of  matter  which  constitute  the 
main  objects  of  eipcrimciilal  physics,  viz.,  heat,  light,  eleo 
tricity,  magnetism,  chemical  affinity,  and  motion,  arc  all  cor- 
reladTe,  or  have  a  reciprocal  dependence  ;  that  aeilher,  taken 
■bMnK^tedly,  can 'be  said  to  be  the  essential  cause  of  the  o(h- 
ars,  but  that  either  may  prodncc  or  be  courertihlo  into,  any 
of  the  others:  thus  heat  may  mediately  or  immediately  produce 
el«clrieity,  electricity  may  produce  heat ;  and  so  of  the  rest, 
^Kb  merging  itself  as  the  force  it  produces  becomes  devel- 
oped :  and  that  the  same  must  hold  good  of  other  forces,  it  be- 
ing an  irresistible  inference  from  observed  phenomena  that  a 
force  cannot  originate  otherwise  than  by  devolution  from  some 
pre-existing  force  or  forces. 

The  term  force,  although  used  in  very  different  senses  by  j 
different  authors,  in  its  limited  sense  may  bo  defined  as  that  I 
trhich  produces  or  resists  motion.  Although  strongly  inclinedto 
believe  that^he  other  affections  of  matter,  which  I  have  above 
oatocd,  are,  and  will  ultimately  be  resolved  into,  modes  of 
motioD,  many  arguments  for  which  will  be  given  in  subs^ 
qnent  ports  of  this  Essay,  it  would  be  going  too  far,  at  pre- 
•enl,  to  assume  their  identic  with  it ;  I  therefore  use  the  term 
force  in  reference  to  them,  na  meaning  that  active  principle  J 
inseparable  from  matter  which  is  supposed  to  induce  its  veri*! 
oQB  fjianges- 

7'be  word  force  and  the  idea  it  aims  at  expressing  might 
be  objected  to  by  the  purely  physical  philosopher  on  similai 
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grounds  to  those  which  apply  to  the  word  cause,  as  it  repi^ 
sents  a  subtle  mental  conception,  and  not  a  sensuous  peroep 
tion  or  phenomenon.  The  objection  would  take  something 
of  this  form.  J£  the  string  of  a  ][)ent  bow  be  cut,  the  bow 
will  straighten  itself;  we  thence  saj  there  is  an  elastic  /oree 
in  the  bow  which  straightens  it ;  but  if  we  applied  our  expres- 
sions to  this  experiment  alone^  the  use  of  the  term  Ibroe 
would  be  superfluous,  and  would  not  add  to  our  knowle^ga 
on  the  subject.  All  the  information  which  our  minds  could 
get  would  be  as  sufficiently  obtained  fix>m  the  eiqpression, 
when  the  string  is  cut,  the  bow  becomes  straight,  as  from  the 
expression,  the  bow  becomes  straight  by  its  elastic  fbroe. 
Do  we  know  more  of  the  phenomena,  viewed  without  refer- 
ence to  other  phenomena,  by  saying  it  is  produced  by  force? 
Certainly  not.  All  we  know  or  see  is  the  effect ;  we  do  not 
SCO  force — yre  see  motion  or  moving  matter. 

If  now  we  take  a  piece  of  caoutchouc  and  stretch  it,  when 
feleasod  it  returns  to  its  original  length.  Here,  though  the 
subjoct-matter  is  very  different,  we  see  some  analogy  in  the 
effect  or  phenomenon  to  that  of  the  strung  bow.  If  again 
wo  tmspoud  an  apple  by  a  string,  cut  the  string,  the  apple  falls* 
Hero,  though  it  is  less  striking,  there  is  still  an 'analogy  to 
the  strung  bow  and  the  caoutchouc. 

Now  when  the  word  force  is  employed  as  comprehending 
these  three  different  phenomena  we  find  some  use  in  the  term, 
not  by  its  explaining  or  rendering  more  intelligible  the  modu$ 
agendi  of  matter,  but  as  conveying  to  the  mind  something 
which  is  alike  in  the  three  phenomena,  however  distinct  they 
may  be  in  other  respects :  the  word  becomes  an  abstract  or 
generalised  expression,  and  regarded  in  this  light  is  of  hig^ 
utility.  Although  I  have  given  only  three  examples,  it  is 
obvious  that  the  term  would  equally  apply  to  300  or  8,000  ex- 
amples. 

But  it  will  be  said,  the  term  force  is  used  not  as  express* 
ing  the  effect,  but  as  that  which  produces  the  eflfoct.    Tim  is 
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in  this  its  ordinary  ecnso  I  shall  use  it  in  these  pages, 
m  has  a  potential  meaning,  to  depart  from 
d  render  language  nninteiligible,  we  must  guard 
Ming  that  we  know  essentially  more  of  the  pbe- 
j  saying  they  are  produced  by  something,  which 
ing  18  only  a  ward  derived  tVom  the   constancy  and 
y  of  the  phenomena  nc  seek  (o  eipUiin  by  if.      The 
iliona  of  the  phenomena  to  which  the  terms  force  or  forces 
e  applied  give  us  real  knowledge  ;  these  relations  may  be 
IS  of  forces ;  oar  knowledge  of  them  is  not  tliero- 
j  lessened,  and  the  convenience  of  expression  is  greatly  in- 
ceased,  but  the  Bcparatc  phenomena  are  not  more  Intimately 
o  further  inaigbl  into  why  the  apple  falls  is  acquired 
r  saying  it  is  forced  to  fall,  or  it  falls  by  the  force  of  graritO' 
;  by  the  hitler  cipresaion  wo  ore  enabled  to  relate  it 
lefiiUy  to  other  phenomena,  but  we  still  know  no  more 
r  the  particular  phenomenon  than  that  under  certain  eircum- 
ces  the  apple  does  fall. 

In  the  above  illustrations,  force  has  been  treated  as  the 
,  in  which  case  the  evidence  of  the  force  \i 
c  motion  produced  ;  thus  we  estimate  the  force  used  to  pro- 
umon  ball  in  terms  of  the  mass  of  matter,  and  the 
with  which  it  b  projort«d.     The  evidence  of  force 
D  the  term  ia  applied  to  rceistanco  to  ntotion  19  of  a  some- 
wt  diflerent  character  ;  the  matter  resisting  is  molecularly 
B«cted,  and  has  its  structure  more  or  less  changed ;  thus  a 
»ip  of  caoutchouc  to  which  a  weight  is  suspended  is  elonga- 
I,  and  its  molecules  are  displaced  as  compared  with  tlieir 
ition  when  unaffected  by  the  gravitating  force.    So  a  piece 
f  glass  bent  by  an  appended  weight  has  its  whole  structure 
changed ;  this  inlemal  change  is  made  cvideut  by  transmit- 
ting through  it  a  beam  of  polarised  light :  a  relation  thos 
^^wcomes  established  between  the  molecular  slate  of  bodies 
Hnd  lb«  external  forces  or  motion  of  masses.     Every  particle 
^Hf  the  caoutchouc  or  glass  must  be  acting  and  contributing  to 
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resist  or  arrest  the  xnotion  of  the  mass  of  matter  appflBdel 
to  it. 

It  is  difficult,  in  such  cases,  not  to  reoc^nise  a  reafitj  ia 
foroe.  We  need  some  word  to  express  this  state  of  tenrioa ; 
we  know  that  it  produces  an  effect,  though  the  effbet  be  negia* 
tive  in  character :  although  in  this  effort  of  inanimate  matter 
we  can  no  more  trac^  the  mode  of  action  to  its  ultimate  ele- 
ments than  we  can  follow  out  the  connection  of  our  owa 
muscles  with  the  volition  which  caUs  them  into  action,  we 
are  ezperimentallj  convinced  that  matter  changes  its  stale 
by  the  agency  of  other  matter,  and  this  agency  we  caH 
force. 

In  placing  the  weight  on  the  glass,  we  have  moved  the 
former  to  an  extent  equivalent  to  that  which  it  would  again 
describe  if  the  resistance  were  removed,  and  this  motion  of 
the  mass  becomes  an  exponent  or  measure  of  the  foroe  ezett« 
ed  on  the  glass ;  while  this  is  in  the  state  of  tension,  the 
force  is  ever  existing,  capable  of  reproducing  the  oiriginal 
motion,  and  while  in  a  state  of  abeyance  as  to  actual  motioUi 
it  is  really  acting  on  the  glass.  The  motion  is  suspended, 
but  the  force  is  not  annihilated. 

But  it  may  be  objected,  if  tension  or  static  force  be.  thus 
motion  in  abeyance,  there  is  at  all  times  a  large  amount  of 
dynamical  action  subtracted  from  the  universe.  Eveij  sfeona 
upon  a  hill,  every  spring  that  is  bent,  and  has  required  fbnse 
to  upraise  or  bend  it,  has  for  a  time,  and  possibly  for  ever, 
withdrawn  this  force,  and  annihilated  it.  Not  so;  what 
takes  place  when  we  raise  a  weight  and  leave  it  at  the  point 
to  which  it  has  been  elevated?  we  have  changed  the  centre 
of  gravity  of  the  earth,  and  consequently  the  earth's  poeition 
with  reference  to  the  sun,  planets,  and  stars ;  the  effisrt  we 
nave  made  pervades  and  shakes  the  universe ;  nor  can  we 
present  to  the  mind  any  exercise  of  force,  which  is  thus  not 
permanent  in  its  dynamical  effects.  K,  instead  of  one  wei^^ 
being  raised,  we  raise  two  weights,  each  placed  at  a  point 
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Hy  opposite  the  other,  it  would  be  eaid,  here  you 
have  compensfttion,  a  balance,  no  change  in  the  centre  of 
gravity  of  tlie  earth  ;  but  wc  hace  increased  the  mean  diame- 
ter of  the  earth,  and  a  perturbation  of  our  pUnet,  and  of  all 
other  ceteatial  bodies  necesaarily  ensues. 

The  force  may  be  said  to  be  in  abeyance  with  reference 
to  the  effect  it  would  have  produced,  if  not  arrested,  or 
placed  in  a  stale  of  tension  ;  but  in  the  act  of  imposing  this 
Btate,  the  relatioDS  of  .equilibrium  wiih  other  bodies  have 
be«D  cbanged,  and  these  more  in  their  turn,  so  ihst  motion 
of  the  same  amount  would  seem  to  be  ever  affecting  matter 
conceived  in  its  totality. 

Press  the  hands  violently  together ;  the  first  notion  may 
ba  that  this  ia  power  locked  up,  and  that  no  change  ensues. 
Not  so  ;  the  blood  courses  more  quickly,  respiration  is  accele- 
rated, changes  which  we  may  not  be  able  to  trace,  take  place 
in  the  muscles  and  nerves,  transpiration  is  increased ;  we 
b«re  given  off  force  in  various  ways,  and  must,  if  the  effort 
be  prolonged,  replenish  our  sources  of  power,  by  fresh  chemi- 
cal action  in  the  stomach. 

In  books  which  treat  of  statics  and  dyuanucs,  it  is  com- 
uKin  and  perhaps  necessary  to  isolate  the  subjects  of  consid- 
eration ;  to  suppose,  for  instance,  two  bodies  gravitating,  and 
to  ignore  the  rest  of  the  universe.  Bat  no  such  isolation  ex- 
ists ia  reality,  nor  could  we  predict  the  result  if  it  did  exist. 
Would  two  bodies  gravitate  towards  each  other  in  empty 
■paMi  if  space  can  he  empty?  the  notion  that  they  would  is 
fonoded  OD  the  theory  of  attraction,  which  Newton  himself 
r^Midiated,  further  than  as  a  convenient  means  of  regard- 
ing the  subject.  For  pnrposes  of  inatmction  or  argument  it 
may  be  convenient  to  assume  isolated  matter :  many  con- 
ehieiont  bo  arrived  at  may  be  true,  but  many  will  be 
erroneous. 

If,  in  producing  effects  of  teosion  or  of  static  force,  the 
e&rt  made  pervades  the  tmiverse,  it  may  be  said,  when  the 
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bent  spring  is  freed,  when  the  raised  wei^  fidls,  a  eoni 
aeries  of  motions  mnst  be  effected,  and  this  theory  would  lead 
to  a  mere  reciprocation,  which  wonld  be  equally  nnproduo* 
tive  of  permanent  change  with  the  annihilation  of  finree.  If 
raising  the  weight  has  changed  the  centre  of  graTity  of  the 
earth,  and  thence  of  the  nniverse,  the  fall  of  the  weight,  it 
will  be  said,  restores  the  original  centre  of  gravity,  and  eveiy- 
thing  comes  back  to  its  original  status.  In  this  argoxneDt  we 
again,  in  thonght,  isolate  our  experiment;  we  negleet  rar- 
roonding  circumstances.  Between  the  time  of  the  raiaiag 
and  falling  of  the  weight,  be  the  interval  nerer  so  small, 
nay,  more,  during  the  rising  and  during  the  fall,  the  eaxdi 
has  been  going  on  revolving  round  its  axis  and  nmnd  the 
sun,  to  say  nothing  of  other  changes,  such  as  tempenttme, 
cosmical  magnetism,  &c.,  which  we  may  call  accidental,  bat 
which,  if  we  knew  aU,  would  probably  be  found  to  be  as 
necessary  and  as  reducible  to  law  as  the  motion  of  the  earth* 
A  change  having  taken  place,  the  faU  of  the  weigfat  does 
not  bring  back  the  staiui  quq^  but  other  changes  supervmia, 
and  so  on.  Nothing  repeats  itself,  because  nothing  can 
be  placed  again  in  the  same  condition:  the  past  is  irro- 
vocable. 


II.— MOTION. 


MOTION — which  has  beeu  taken  as  the  main  exponent 
of  force  in  the  above  eiamples — is  the  most  obviousi 
the  most  distinctly  conceived  of  all  the  affections  of  matter. 
Tiiible  motioa.  or  relative  change  of  position  in  space,  ia  a 
phenoroeaoD  so  ohvious  to  simple  apprehetision,  that  to  at- 
tempt to  define  it  would  be  to  render  it  more  obscure  ;  but 
witfa  motion,  as  with  all  physical  appearances,  there  ore  cer- 
tain TBoiahing  gradations  or  undefined  limits,  at  which  the 
flbrioua  mode  of  action  fades  away ;  to  detect  the  continu- 
iDg  existence  of  the  phenomena  we  ore  obliged  to  hare  re- 
eonise  10  oihcT  than  ordinary  methods  of  investigation,  and 
we  frequently  apply  other  and  different  names  to  the  effects 
■0  recognised. 

Thu£  sound  is  motion  ;  and  although  in  the  earlier  pe- 
riods of  philosophy  the  identity  of  sound  and  motion  woa  not 
traced  out,  and  they  were  considered  distinct  affections  of 
matter — indeed,  at  the  close  of  the  last  century  a  (lieoiy  was 
advanced  that  sound  was  transmitted  by  the  vibrations  of  an 
ether — we  now  so  readily  resolve  sound  into  motion,  that  to 
those  who  ore  familiar  w^th  acoustics,  the  phenomena  of 
nund  immediately  present  to  the  mind  the  idea  of  motion, 
^,i.  e.  motion  of  ordinary  matter, 

2,  with  regard  to  light ;  no  doubt  now  exists  that 

I  moves  or  is  accompanied  by  motion.     Here  the  pbe- 
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noxnena  of  motion  are  not  made  evident  by  Uie  ordinaiy  Mn- 
suous  perception,  as  for  instance  the  motion  of  a  TisiUy  moY- 
ing  projectile  would  be,  but  by  an  inyerse  deduction  from 
known  relations  of  motion  to  time  and  space  :  as  all  observa- 
tion teaches  us  that  bodies  in  moving  from  one  point  in  space* 
to  another  occupy  time,  we  conclude  that,  wherever  a  con- 
tinuing phenomenon  is  rendered  evident  in  two  difierent 
points  of  space  at  difierent  times,  there  is  motion,  though  we 
cannot  see  the  progression.  A  similar-  deduction  convinees 
us  of  the  motion  of  electricitj. 

As  we  in  common  parlance  speak  of  sound  moving, 
although  sound  is  motion,  it  requires  no  great  stretch  of 
imagination  to  conceive  light  and  electricitj  as  motions,  and 
not  as  things  moving.  If  one  end  of  a  long  bar  of  metal  be 
struck,  a  sound  is  soon  perceptible  at  the  other  end.  This 
wc  now  know  to  be  a  vibration  of  the  bar ;  sound  is  but  a  word 
expressive  of  the  mode  of  motion  impressed  on  the  bar ;  so 
one  end  of  a  colimm  of  air  or  glass  subjected  to  a  luminous  im- 
pulse gives  a  perceptible  effect  of  light  at  the  other  end :  this 
can  equally  be  conceived  to  bo  a  vibration  or  transmitted 
motion  of  particles  in  the  transparent  column :  this  question 
will,  however,  bo  further  discussed  hereafter ;  for  the  present 
wo  will  confine  ourselves  to  motion  within  the  limits  to  which 
the  term  is  usually  restricted. 

With  the  perceptible  phenomena  of  motion  the  mental 
conception  has  been  invariably  associated  to  which  I  have 
before  alluded,  and  to  which  the  term  force  is  given-— 
the  which  conception,  when  we  analyse  it,  refers  us  to 
some  antecedent  motion.  If  we  except  the  production  of 
motion  by  heat,  light,  &c.,  which  will  be  considered  in  the 
sequel,  ti  hen  we  see  a  body  moving  we  look  to  motion  hav- 
ing been  communicated  to  it  by  matter  which  has  previously 
moved. 

Of  absolute  rest  Nature  gives  us  no  evidence  :  all  matter, 
as  for  as  we  can  ascertain,  is  ever  in  movement,  not  merely 
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in  inBs$«»,  bs  with  the  planetary  epbercs,  but  also  mole- 
cularly,  or  ihroughout  its  most  inlimftte  structure  ;  thua  every 
•JlerBiicia  of  temperature  produces  a  molecular  change 
ihrougbouL  (he  whole  eubetAnce  healed  or  cooled;  slow 
■  chenucal  or  electrical  actions,  actioos  of  light  or  invisible 
mitiont  forces,  are  always  at  play,  so  Iliat  as  a  fact  wo  can- 
not predicate  of  any  portion  of  matter  that  it  is  absolutely  at 
rat.  Supposing,  however,  that  motion  is  not  an  indispensa- 
Ue  function  of  matter,  but  that  matter  can  be  at  rest,  matter 
mt  rest  would  never  of  itself  cease  to  be  at  rest ;  it  would  not 
move  tmlesa  impelled  to  such  motion  by  some  other  moving 
body,  or  body  which  has  moved.  This  proposition  applies 
Dot  merely  to  impulsive  motion,  as  when  a  ball  at  rest  is 
itruck  by  a  moving  body,  or  pressed  by  a  spring  which  has 
previously  been  moved,  but  to  motion  caused  bj  attractioua 
such  as  magnetism  or  gravitation.  Suppose  a  piece  of  iron 
at  rest  in  contact  with  a  magnet  at  reet ;  if  it  be  desired  to 
mo\ji  the  iron  by  tie  attrnctiou  of  the  magnet,  the  magnet  or 
the  iron  must  first  l>c  moved  ;  so  before  a  body  falls  it  must 
first  be  raised.  A  body  at  rest  would  therefore  continue  so 
for  ever,  and  a  body  once  in  motion  would  continue  bo  for 
ever,  in  the  same  direction  and  with  the  same  velocit/,  im- 
kss  impeded  by  some  other  body,  or  affected  by  some  other 
force  Ihaa  that  which  originally  impelled  it.  These  propo- 
ations  may  seem  somewhat  arbitrary,  and  it  has  been  doubted 
whether  they  arc  necessary  truths  ;  ihey  have  for  a  long  time 
bc«a  received  as  axioms',  and  there  can  at  all  events  be  no 
hum  in  accepting  them  as  postulates.  Ii  is  however  very 
goDcroUy  beUevcd  that  if  the  visible  or  palpable  motion  of 
one  body  be  arrested  by  impact  on  another  body,  the  mo- 
tion ceases,  wmJ  the  force  which  produced  it  is  annihi- 
ktod. 

KNow  the  view  which  I  venture  to  submit  is,  thai  force 
lOt  b«  annihilated,  but  ii  merely  subdivided  or  altered  in 
ction  or  character.     First,  as  to  direction.     Wave  your 
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lumd :  tlie  motioii,  whidi  bas  appareiitl^  rcmncd,  m  tdbeii  up 
hy  the  air,  firom  the  air  bj  the  walls  tk  the  room,- Ac,  aiid 
•o  bj  direct  and  reacting  waves,  continnallT  commimiied,  bat 
never  destroyed.     It  is  tme  that,  at  a  certain  point,  we  loae 
all  means  of  detecting  the  motion,  firom  its  minute  snbdivi- 
■ion,  which  defies  onr  mofft  delicate  means  <^  ^ifvecialioii, 
but  we  can  indefinitely  extend  oar  power  of  detecting  it  ae- 
cording  as  we  confine  its  direction,  or  increase  the  delicacj 
of  onr  examination.     Thns,  if  the  hand  be  moved  in  imoon- 
fined  air,  the  motion  of  the  air  woidd  not  be  sensible  to  a  per- 
son at  a  few  feet  distance ;  but  if  a  piston  of  the  same  extent 
of  surface  as  the  hand  be  moved  with  the  same  rapiditj  in  a 
tube,  the  blast  of  air  maj  be  distinctly  felt  at  several  yards 
distance.     There  is  no  greater  absolute  amount  of  motion  in 
the  air  in  the  second  than  in  the  first  case,  but  its  direction 
is  restrained,  so  to  make  the  means  of  detection  jDore  fiusle. 
By  carrying  on  this  restraint,  as  in  the  air-gun,  we  get  a 
power  of  detecting  the  motion,  and  of  moving  other  bodjes  at 
far  greater  distances.     The  puff  of  air  which  would  in  the 
air-gun  project  a  bullet  a  quarter  of  a  mile,  if  allowed  to  es- 
cape without  its  direction  being  restrained,  as  by  the  bursting 
of  a  bladder,  would  not  be  perceptible  at  a  yard  distance, 
though  the  same  absolute  amount  of  motion  be  impressed  on 
the  surrounding  air. 

It  majt,  however,  be  asked,  what  becomes  of  force  when 
motion  is  arrested  or  impeded  by  the  counter-motion  of  another 
body?  This  is  generally  believed  to  produce  rest,  or  oitire 
destruction  of  motion,  and  consequent  annihilation  of  foroe : 
80  indeed  it  may,  as  regards  the  motion  of  the  masses,  but  a 
new  force,  or  new  character  of  force,  now  ensues,  the  expo- 
nent of  which,  instead  of  visible  motion,  is  heat.  I  venture 
to  regard  the  heat  which  results  from  friction  or  percussion 
as  a  continuation  of  the  force  which  was  previously  associa- 
ied  with  the  moving  body,  and  which,  when  this  impinges  on 
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■DOlher  body,  ceasing  to  exist  as  gross,  ptilpable  motion,  con- 
tianes  to  exist  as  heat. 

Tbu9,  let  two  hodies,  A  and  B,  be  supposed  lo  move  in 
opposite  directions  (patting  for  the  moment  ont  of  qneation 
all  resistance,  euch  as  that  of  the  air,  &c.),  if  thej  pass  each 
otlier  without  contact  each  will  move  on  for  ever  in  its  re- 
FpectiTc  direction  with  the  same  velocity,  but  if  they  touch 
each  other  the  Telocity  of  the  movement  of  each  is  reduced, 
and  each  becomes  heated  :  il'this  contact  be  slight,  or  such  aa 
to  occasion  but  a  slight  diminution  of  their  velocity,  as  when 
the  surfaces  of  the  bodies  are  oiled,  then  the  beat  is  slight ; 
bat  if  the  contact  be  such  as  to  occasion  a  great  diminution 
of  motion,  as  in  percussion,  or  as  when  the  surfaces  are 
nraghened,  then  the  heat  is  great,  so  that  in  all  cases  the  re- 
suiting  heat  is  proportionate  to  the  diminished  velocity. 
"Where,  instead  of  resisting  and  coosequcntiy  impeding  the 
motion  of  the  body  A,  the  body  B  gives  way,  or  itself  takes 
np  the  motion  originally  communicated  to  A,  then  wc  have 
kss  beat  in  proportion  to  the  motion  of  the  body  B,  for  here 
tlie  operation  of  the  force  conlinnes  in  the  form  of  palpable 
motion  :  thus  the  heat  resulting  trom  friction  in  the  axle  of  a 
wheel  is  lessened  by  surrounding  it  by  rollers  ;  these  lake  np 
the  primary  motion  of  the  asle,  and  the  less,  by  this  means, 
the  initial  motion  is  impeded,  the  less  is  the  resulting  heat. 
Again,  if  a  body  more  in  a  fluid,  although  some  heal  is  pro. 
duced,  the  heat  is  apparently  trifling,  because  the  particles  of 
the  fluid  themselves  move,  and  continue  the  motion  originally 
conunonicated  to  the  moving  body  :  for  every  portion  of  mo- 
tion communicated  to  them  this  loses  an  equivalent,  and 
vlierc  both  lose,  then  an  equivalent  of  heat  results. 

As  the  converse  of  this  proposition,  it  should  follow  that 
the  more  rigid  the  bodies  impinging  on  each  other  the  greater 
tlionld  be  the  amount  of  heat  developed  by  Diction,  and  so 
we  find  it.  Flint,  steel,  hard  stones,  glass,  and  mclols,  are 
those  bodies  which  give  the  greatest  amoimt  of  heat  irom 
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fnizL  zut  rsftir  jB:a€Jncr  ccf  lUr  fMBtMce  leawn  itt 
iev^^oeanesc  -v^isi  ixc£r7inK-£  nscvHa  xipd  aiOTiiig  bodies. 
TSmsw  x  -v?  iiL  -z^  rr-W  fc  -viiee-iEw  v«  kaiv  more  n|iid  mo- 
sioii  vc  ae  '?orii»  '3£s&is£'7^i^  has  les»  beat :  if  we  incieMa 
ac  Tv&scaoix  x  szizom.  is  W  rcai^ealai  tlie  points  of  con* 
cs.  fo  VLMZ  •»d»:c.  Tftrafie  jcrEks  ft£aiaa(  mud  impedes  the 

Taexi  v»  x&vY  dimiaiabed  motioii,  but  in- 
Li :  -IT  =:  liiv*  :oi3«5  ae  scsooik.  but  instead  of  slid* 
IBS  pa^  e^ca  <Kber  £«  rr»Bied  c&3«eh*  tofetfaer  and  then 
znbfaed.  ve  siaH  in  as&3T  cases  evxKre  more  beat  tban  bj  the 
Toaziktzied  bodiesw  as  ve  m  a  sreaier  ziinnber  of  particles  in 
ooDiact  asd  a  zreaier  resi^saace  co  the  initial  motion.  I  can- 
iKX  present  to  mj  miiui  anj  caw  of  heat  resulting  from  frie- 
tion  which  is  doc  expli^Table  bj  this  view :  friction,  according 
to  it.  is  simplj  impeded  m>xioa.  The  greater  the  impedi- 
ment, the  more  force  is  required  to  overcome  it,  and  the 
greater  is  the  resoltinz  heat ;  this  re<uking  heat  being  a  con- 
tinoatioD  of  indestructible  force,  capable,  as  we  shall  pras- 
entlr  see.  of  reprodocing  palpable  motion,  or  motion  of  defr- 
nite  masses. 

Whatever  be  the  nature  of  the  bodies,  roogfa  or  smooth, 
solid  or  liquid,  provided  there  be  the  same  initial  fbroe,  and 
the  whole  motion  be  nltimatelv  arrested,  there  shoold.be  the 
same  amount  of  heat  developed,  though  where  the  motion  is 
carried  on  through  a  great  number  of  points  of  matter  we  do 
not  so  sensibly  perceive  the  resulting  heat  from  its  greater 
dissipation.  The  friction  of  fluids  produces  heat,  an  efiect 
first  noticed  I  believe  bj  Majer.  The  total  heat  produced  by 
the  friction  of  fluids  should,  therefore,  it  will  be  said,  be 
equal  to  that  produced  bj  the  friction  of  solids ;  for  although 
each  particle  produces  little  heat,  the  motion  being  readily 
taken  up  by  the  neighbouring  particles,  yet  by  the  time  the 
whole  mass  has  attained  a  state  of  rest  there  has  been  the 
same  impeding  of  the  initial  motion  as  by  the  friction  of  sol- 
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idA  if  produced  by  the  same  initial  force.  If  tlie  heat  bfl 
Tiewed  in  ihe  aggregate,  and  allowance  be  made  for  Uie  spo 
fjiif  thermal  capacity  of  tlje  substaoces  employed,  it  probably 
ia  the  eanie,  though  apparently  less  ;  the  heat  in  the  case  of 
EOlkl#  bcin^  manifealcd  at  certain  detincd  points,  while  in 
that  of  fluids  it  is  dissipated,  both  the  time  and  space  daring 
and  through  which  the  motion  ia  propagated  diifer  in  the  two 
CA«ei,  8o  that  the  heat  iu  the  latter  case  is  more  readily  car- 
ried ofi'  by  surrounding  bodies. 

If  the  body  be  elastic,  and  by  il5  reaction  the  motion  im- 
pressed on  it  by  the  initial  force  be  continued,  thyn  the  heat 
ia  proportic>natfly  leas  ;  and  were  a  substance  perfectly  etoa- 
tic.  and  no  rcaii<tiLncc  opposed  to  it  by  the  air  or  other  mat- 
ter, then  the  movement  once  impressed  would  be  perpetual, 
and  no  heat  would  reatdt.  A  ball  of  caoutchouc  bandied 
about  fur  many  niiautea  between  a  racket  and  a  wall  is  not 
)ierceptil>ly  heated,  while  a  leaden  bullet  projected  by  a  gnn 
against  u  wall  is  rendered  so  hot  as  to  be  intolerable  to  tlie 
touch  :  in  the  Ibrmer  cose,  the  motion  of  the  mass  is  contin- 
ued by  the  reaction  due  to  its  elasticity ;  in  the  latter,  the 
motion  of  the  mass  ia  extinguished,  and  heat  ensues. 

A  penilulnm  started  in  the  exhausted  receiver  of  an  air- 
pump  continues  its  oscillation  for  hours  or  even  days ;  tlte 
friction  at  its  point  of  suspension  and  the  resistance  of  the 
air  ia  minimised,  and  the  heat  is  imperceptible,  but  these  tri- 
flipg  resistances  in  the  end  arrest  the  motion  of  the  mass,  Iho 
one  giving  it  ont  as  beat,  the  other  conveying  the  force  to  the 
receiver,  and  thence  to  surrounding  bodies.  Similar  reason- 
ing msy  be  applied  to  the  oscillation  of  a  coiled  spring  and 

To  wind  np  a  clock  a  certain  amount  of  force  is  expended 

llhe  arm;  this  force  b  given  back  by  the  descent  of  the 

■gbt,  tlie  wheels  move,  the  pendulum  is  kept  oscillating, 

is  gieneratcd  at  each  point  of  friction,  and  the  surrouod- 

n^  BIT  is  act  in  motion,  a  part  of  which  is  made  obvious  to 
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US  by  the  ticking  sound.  But  it  will  be  said,  if  insteftd  of 
allowing  the  weight  to  act  upon  the  machineiy,  the  oord  bj 
which  it  is  suspended  be  cut,  the  weight  drops  and  the  force 
is  at  an  end.  By  no  means,  for  in  this  case  the  house  is 
shaken  by  the  concussion,  and  thus  the  force  and  motion  aze 
continued,  while  in  the  former  case  the  weight  reaches  the 
ground  quietly,  and  no  evidence  of  force  or  motion  is  mani- 
fested by  its  impact,  the  whole  haying  been  previously  dian- 
pated. 

If  the  initial  motion,  instead  of  being  arrested  by  the  in^ 
pact  of  other  bodies,  as  in  friction  or  percussion,  is  impeded 
by  confinement  or  compression,  as  where  the  dilatation  of  a 
gas  is  prevented  by  mechanical  means,  heat  equally  results : 
thus  if  a  piston  is  used  to  compress  air  in  a  closed  vessel,  the 
compressed  air  and,  from  it,  the  sides  of  the  vessel  will  be 
heated :  the  air  being  unable  to  take  up  and  cany  on,  the 
original  motion  communicates  molecular  motion  or  expansion 
to  all  bodies  in  contact  with  it ;  and,  conversely,  if  we  ex* 
pand  air  by  mcehanical  motion,  as  by  withdrawing  the  pis- 
ton,  cold  is  produced.  So  when  a  solid  has  its  particles  com- 
pressed or  brought  nearer  together,  as  when  a  bar  of  iron  is 
hammered,  heat  is  produced  beyond  that  which  is  due  to  per- 
cussion alone.  In  this  latter  case  we  cannot  very  easily  e& 
feet  the  converse  result,  or  produce  cold  by  the  mechanical 
dilatation  of  a  solid,  though  the  phenomena  of  solution, 
where  the  particles  of  a  solid  are  detached  from  each  other, 
or  drawn  more  widely  asunder,  give  us  an  approximation  to 
it :  in  the  case  of  solution  cold  is  produced. 

We  are  from  a  very  extensive  range  of  observation  and 
experiment  entitled  to  conclude  that,  with  some  curious  ex- 
ceptions to  be  presently  noticed,  whenever  a  body  is  com- 
pressed or  brought  into  smaller  dimensions  it  is  heated,  i.  e. 
it  expands  neighbouring  substances.  Whenever  it  is  dilated 
or  increased  in  volume  it  is  cooled,  or  contracts  neighbouring 
substances. 


Hr.  Joule  has  made  a  great  Dumber  of  experiments  for 
B  pnrpoM  of  ascertaining  what  quantity  of  heat  is  produced 
hj  a  given  mechanical  action.  His  mode  of  expcrimenling 
is  as  follows.  An  apparatus  formed  of  floats  or  paddles  of 
brsAS  or  iron  is  made  to  rotate  in  a  bath  of  water  or  meren- 
ry.  The  power  which  gives  riee  to  tliis  rotation  is  a  weight 
raided  like  a  clock-weight  to  o  certain  height ;  this  by  acting 
during  its  fall  on  a  spindle  and  pulley  communicates  motion 
to  the  paddle-wheel,  the  water  or  mercury  serving  as  a  fric- 
tian  nieilinm  and  calorimeter ;  and  the  heat  is  measured  by  a 
delicate  mercurial  thermometer.  Tha  results  of  his  esperi- 
menca  he  considers  prove  that  a  fall  of  772  lbs.  through  a 
space  of  one  foot  is  able  to  raise  tlio  temperature  of  one 
pomid  of  water  through  one  degree  of  Fahrenheit's  thermom- 
eter. Mr.  Joule's  experiments  are  of  extreme  delicacy — he 
tabulates  to  the  thouaandtb  part  of  a  degree  of  Fahrenheit, 
snd  a  large  number  of  his  thermomctric  data  are  compre- 
hended within  the  limits  of  a  single  degree.  Other  experi- 
menters have  given  very  different  numerical,  results,  but  the 
general  opinion  seems  to  bo  that  the  numbers  given  by  Mr. 
Joule  are  the  nearest  approximation  to  the  truth  yet  obtained. 

Hitherto  I  have  taken  no  distinction  as  to  the  physical 
character  of  the  bodies  impinging  on  each  other ;  but  Nature 
gives  us  a  remarkable  dilTuronco  in  the  character  or  mode  of 
the  force  eliminated  by  friction,  accordingly  as  the  bodies 
which  impinge  are  homogeneous  or  heterogeneous :  if  the 
former,  heat  alone  is  produced  ;  if  the  latter,  electricity. 

Wc  find,  indeed,  instances  given  by  authors,  of  electricity 
resulting  from  the  friction  of  homogeneous  bodies  ;  but,  as  I 
stated  in  my  original  Lectures,  I  have  not  found  8uch  facta 
confirmed  by  my  own  experiments,  and  this  conclusion  has 
been  corroborated  by  some  experiments  of  Profcseor  Erman, 
commnnicated  to  the  meeting  of  the  British  Association  in 

Kyear  1845,  in  which  ho  found  lliat  no  electricity  resulted 
1  tbe  friction  of  perfectly  homogeneous  anbstances ;  as. 


ofalMfcalMr.    Sook 
wiD,  indeed,  be  seldom  free  horn,  rii^^  efectrieid 
on  aceumii  of  Ike  prectical  dHBculty  of  hdShag  Ito 
cmutitMHi  of  pel  fed  hmiMigeaeUf  in  Ae  Bobotenees  tiMnoolWy 
i,  tfaeir  tempenlare,  te. ;  b«l  the  cAeto  pcodneed 
Tcij  trifling  end  Terj  in  dirediaii,  and  1h&  Twltnnt  effeet. 
ie  nooght.     Indeed,  it  woold  be  diffimlt  to  cooeeire  ih&  eoi^ 
tnrj.    How  could  we  poosiblf  image  to  tiie  mind  or  da- 
acribe  the  diiectionof  a  current  from  tbe  same  hodjio  tiia 
bodj,  or  give  instmctkne  fior  a  repetition  of  tiie  esper- 
.?    It  would  be  iJirteJligilde  to  say  theit  in  mbbnig  to 
and  fro  two  pieces  of  bwmirthj  iron,  or  ^asB,  a  cmeni  of 
electridtj-  drcnlated  from  btannth  to  biwrnrth,  or  from  iron 
to  iron,  or  from  glass  to  f^ass ;  for  the  qneetion  immediatelf 
oocoTs — from  which  bisnmth'  to  idiidi  does  it  drcolatoF 
And  shoold  this  qoesdon  be  answered  bj  calling  one  pieee 
A,  and  the  other  B,  this  would  onlj  applj  to  the  partieolar 
specimens  CT^i^jed,  the  distinctiYe  appdlati<»i  denoting  a 
distinction  in  fact,  as  otherwise  A  coold  be  snbstitoted  for  B, 
and  the  bar  to  which  the  positiye  electrici^  flowed  would  in 
turn  become  the  bar  to  which  the  negatiye  electriei^  flowed. 
We  maj  say  that  it  circulates  from  rough  f^ass  to 'smooth, 
from  cast  iron  to  wrou^it,  for  here  there  is  not  homogeneitj. 
It  is  moreover  conceiyable,  that  when  the  motion  is  eontiiH 
nous  in  a  definite  direction,  electricity'  maj  result  from  the 
friction  of  homogeneous  bodies.     If  A  and  B  rub  against 
each  other,  rovolving  in  opposite  directions,  concentric  cop- 
lents  of  positive  and  negative  electricity  may  be  conceived 
circulating  within  the  metals,  and  be  described  by  refttenee 
to  the  direction  of  their  motion ;  this  indeed  would  be  a  di€> 
frrent  phenomenon  from  those  we  have  been  considering ;  bnt 
without  some  distinction  between  the  two  substances  in  qual- 
ity or  direction,  the  electrical  effects  are  indescribable,  if  not 
inconceivable. 

When,  howeveri  homogeneous  bodies  are  fractured  of 


ma  mbbed  together,  phenomena  are  observed  to  which  the 
tenp  electricity  is  applied ;  a  flash  or  line  of  light  appears  at 
the  point  of  friction  which  bj  some  is  called  eleclrical,  by 
others  phosphorescent. 

I  have  mvaclf  observed  a  remarkable  case  of  the  kind  in 
tfaa  caoutchouc  fabric  now  commonly  used  for  waterproof 
elothing :  if  two  folds  of  this  substance  be  allowed  to  eoherc 
so  aa  partiy  to  unite  and  present  a  difficnlty  of  separation, 
llien,  on  stripping  the  one  from  the  other,  or  tearing  them 
■gander,  a  line  of  light  will  follow  the  line  of  separation. 

If  tlus  class  of  phcDomena  be  electrical,  it  is  electrid^ 
determined  as  it  is  generated  ;  there  is  no  dual  character  im- 
proBMd  on  the  natter  acting,  the  flash  is  electrical  as  a  spark 
fiem  the  percussion  of  flint  is  electrical,  or  as  the  slow  com- 
bnstioi)  of  phosphorus,  or  any  other  case  of  the  development 
of  beat  and  light.  It  seems  to  bo  better  to  cla^s  this  phe- 
soiacnon  under  the  categories  of  heat  and  light  th&a  under 
that  of  electricity,  the  latlcr  word  being  retained  for  those 
eases  where  a  dual  or  polar  character  of  force  is  manifested. 
In  experiments  which  have  been  made  by  the  friction  of  sim- 
iliir  sabslanccs  where  the  one  appears  positively  and  the 
other  negatively  electrical,  there  will  be  found  some  differ- 
ence in  the  mode  of  rubbing  by  which  the  molecular  stale  of 
the  bodies  is  in  aU  probability  changed,  making  one  a  dissim- 
ilar substance  from  the  other  ;  thna  it  is  said  by  Bergmann, 
that  when  two  pieces  of  glass  arc  rubbed  so  thot  all  Ihc  porta 
of  one  pass  over  one  port  of  the  other,  the  former  is  positive 
and  the  latter  negative.  It  is  obvious  that  io  this  case  the 
rubbing  in  one  is  confined  to  a  line,  and  that  must  be  more 
altered  in  motecnlar  structure  at  the  lioo  of  friction  than  the 
one  where  the  friction  is  spread  over  the  whole  surface  :  so 
if  «  ribbon  be  drawn  transversely  over  another  ribbon,  tho 
mbstances  are  not,  qua  the  rubbing  action,  identical;  so 
4gaJiL,  in  the  rupture  of  cry^als,  we  are  dealing  with  sub- 
aUnCM  having  a  polar  arrangement  of  porddeB — the  surfaces 
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of  ike  fragments  cannot  be  assumed  to  be  molecnlazfy  identi* 
cal. 

The  developement  of  electricity  by  the  conunon  electrical 
machine  arises,  as  far  as  I  can  understand  it,  from  the  sepa- 
ration or  rupture  of  contiguity  between  i1ia«iini1a.r  bodies ;  a 
metallic  surface,  the  amalgam  of  the  cushion,  is  in  ocmtad 
with  glass ;  these  two  bodies  act  upon  each  other  by  the  force 
of  cohesion ;  and  when,  by  an  external  mechanical  force, 
this  is  ruptured,  as  it  is  at  each  moment  of  the  motion  of  the 
glass  plate  or  cylinder,  electricity  is  developed  in  each ;  were 
they  similar  bodies,  heat  only  would  be  developed. 

According  to  the  experiments  of  Mr.  Sullivan  electricity 
may  be  produced  by  vibration  alone  if  the  substance  TibiF»* 
ting  be  composed  either  of  dissimilar  metals,  as  a  wire  partly 
of  iron  and  partly  of  brass  caused  to  emit  a  musical  sdund ; 
or  of  the  same  metal,  if  its  parts  be  not  homogeneous,  as  a 
piece  of  iron,  one  portion  of  which  is  hard  and  crystallised 
and  the  other  soil  and  fibrous ;  the  current  resulting  appears 
to  be  due  to  the  vibration,  and  not  to  heat  engendered,  as  it 
ceases  immediately  with  the  vibration. 

We  may  say,  then,  that  in  our  present  state  of  knowledge, 
where  the  mutually  impinging  bodies  are  homogeneous,  heat 
and  not  electricity  is  the  result  of  friction  and  percussioo ; 
where  the  bodies  impinging  are  hetcrogeneoua,  we  may  safely 
state  that  electricity  is  always  produced  by  friction  or  perouh 
sion,  although  heat  in  a  greater  or  less  degree  accompanies 
it ;  but  when  we  come  to  the  question  of  ratio  in  which  frio- 
tional  electricity  is  produced,  as  determined  by  the  difierenl 
characters  of  the  substances  employed,  we  find  very  complex 
results.  Bodies  may  differ  in  so  many  particulars  which  i 
fiuence  more  or  less  the  developement  of  electricity,  such 
their  chemical  constitution,  the  state  of  their  surfiices,  tiieir 
state  of  aggregation,  their  transparency  or  opacity,  their 
power  of  conducting  electricity,  &c.,  that  the  normce  of  their 
action  are  very  difficult  of  attainment.    As  a  general  mlai  it 


nuijr  be  eaid  that  the  dcvelopement  of  ciectricitj'  is  greater 
whcD  Uie  substant-ea  employed  are  broadly  diatinct  in  their 
physical  Bud  cheiniral  qualities,  and  more  partjctilarly  in  their 
condii(.-tiiig  powers  ;  bat  np  to  the  present  lime  the  laws  gov- 
erning such  dcTelopement  have  aot  been  even  approximately 
determiacd.  — ' 

I  have  euid,  in  rcferenca  to  the  various  forces  or  afiectloDB 
of  matter,  that  either  of  them  may,  mediately  or  immediaitly, 
prodace  the  others  ;  and  this  is  all  I  can  Tenture  to  predical« 
of  them  in  the  present  state  of  science  ;  but  oitcr  much  COD- 
sidenUioa  I  incline  strongly  to  the  opinion  that  science  is  rap- 
idly progressing  towards  the  establishment  of  immediate  or 
direct  relations  between  all  these  forces.  Where  at  present 
no  immediate  relation  is  established  between  any  of  them, 
electricity  generally  forms  the    iatcrvening  link  or  middle 

Motion,  then,  will  directly  produce  heai  and  eledrieity, 
and  electricity,  being  produced  hy  it,  will  produce  magnelitm 
— a  force  which  is  always  developed  by  electrical  currents  at 
right  angles  to  the  direction  of  those  current*,  as  will  be  sub- 
seqaentty  more  fully  eKplaincd.  Light  also  is  readily  pro- 
dttoed  by  motion,  either  directly,  as  when  accompanying  the 
heat  of  friction,  or  mediately,  by  electricity  resulting  from 
motjon ;  aa  in  the  electrical  spark,  which  boa  most  of  the  at- 
tributes of  solar  light,  differing  from  it  only  in  those  respects 
in  which  light  differs  when  emanating  from  dilferent  sources 
or  seen  through  different  jnedi a ;  for  instance,  in  the  position 
of  the  fixed  lines  in  the  spectrum  or  in  the  ratios  of  the  spaces 
occupied  by  rays  of  different  refrangibility.  In  the  decom- 
positions and  compositions  which  the  terminal  points  proceed- 
ing from  the  conductors  of  an  electrical  machine  develope 
wbon  immersed  in  different  chemical  media,  we  gel  the  pro- 
duction of  ehentical  ajinily  by  electricity,  of  which  motion  is 
the  initial  source.  Lastly,  'moCion  may  be  again  reproduced 
hy  the  forces  which  have  emanated  from  motion ;  thus,  tho 
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dirergeiioe  of  the  electrometer,  the  rerofaition  of  liie  electn* 
cftl  wheel,  the  deflectkm  of  the  mAgnetic  needle,  are,  when 
resnltmg  from  frictkmal  ekctridty,  palpaUe  moYememta  re- 
prodnoed  hj  the  intermediate  modes  of  force,  which  haTe 
themwelYee  been  originated  bj  moticm. 


III.— HEAT. 


i 


rr  we  now  take  Heat  u  our  etartiiig  point,  we  shall  Sad 
that  the  other  modes  of  force  may  be  readily  produced  by 
il.  To  take  molioQ  first :  this  ia  so  generally,  I  think  I  may 
say  invariably,  the  immediale  effect  of  heat,  that  we  may  almost, 
if  Dot  entirely,  resolve  heat  into  motion,  and  view  it  as  a 
mechanically  repulsive  force,  a  force  antagonist  to  attraction 
of  cohesion  or  aggregation,  and  tending  to  move  the  particles 
of  all  bodies,  or  to  separate  them  &om  each  other. 

It  may  be  welt  here  to  premise,  that  in  using  the  terms 
'  particles  '  or  '  molecules,'  which  will  be  trequently  employed 
in  this  Essay,  I  do  not  use  them  in  the  sense  of  the  Btomist> 
or  mean  to  assert  that  matter  consist  of  indivisible  particles 
or  atoms.  The  words  will  be  used  for  the  necessary  porpose 
of  eontradistisguiahing  the  action  of  the  indefinitely  minute  phy- 
sical clementa  of  matter  from  that  of  nuuises  having  a  sensi- 
ble magnitude,  much  in  the  same  way  as  the  term  '  lines '  or 
'  points '  may  be  used,  and  with  advantage  in  on  abstract 
sense  ;  tbongh  there  does  not  exist,  in  fact,  a  thing  which  h&s 
length  and  breadth  wilhofit  thickness,  and  though  a  thing  with- 
out pacts  or  dimensions  is  nothing. 

If  we  put  aside  ihe  sensation  which  heat  produces  in  our 
own  bodies,  and  regard  heat  simply  as  to  its  effects  upon  in- 
nrganic  matter,  we  iind  that,  with  a  very  few  exceptions,  which  I 
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diall  presently  notice,  the  effects  of  -what  is  caDed  heat  are 
simply  an  expansion  of  the  matter  acted  upon,  and  that  the 
matter  so  expanded  has  the  power  by  its  own  contraction  of 
commmdcating  expansion  to  all  bodies  in  contiguity  with  it. 
Thus,  if  the  body  be  a  solid,  for  instance,  iron,  a  liqiiid,  say 
water,  or  a  gas,  say  atmospheric  air— -each  of  these,  when 
heated,  is  expanded  in  every  direction ;  in  the  two  former 
cases,  by  increasing  the  heat  to  a  certain  point,  we  diange 
the  physical  character  of  the  substance,  the  solid  becomes  a 
liquid,  and  the  liquid  becomes  a  gas ;  these,  however,  axe 
still  expansions,  particularly  the  latter,  when,  at  a  certain 
period,  the  expansion  becomes  rapidly  and  indefinitely  greater. 
But  what  is,  in  fact,  commonly  done  in  order  to  heat  a  sub- 
stance, or  to  increase  the  heat  of  a  substance  ?  it  is  merety 
approximated  to  some  other  heated,  that  is,  to  some  other 
expanded  substance,  which  latter  is  cooled  or  contracted  as 
the  former  expands.  Let  us  now  divest  the  mind  of  the  impres* 
sion  that  heat  is  in  itself  anything  substantive,  and  suppose 
that  these  phenomena  are  regarded  for  the  first  time^  and 
without  any  preconceived  notions  on  the  subject ;  let  us  in- 
troduce no  hypothesis,  but  merely  express  as  simply  as  we 
can  the  facts  of  which  we  have  become  cognisant ;  to  what 
do  they  amount?  to  this,  that  matter  has  pertaining  to  it  a 
molecular  repulsive  power,  a  power  of  dilatation,  which  is 
communicable  by  contiguity  or  proximity. 

Heat  thus  viewed,  is  motion,  and  this  molecular  motion 
we  may  readily  change  into  the  motion  of  masses,  or  motioii 
in  its  most  ordinary  and  palpable  form :  for  example,  in  the 
steam  engine,  the  piston  and  all  its  concomitant  masses  of 
niatter  are  moved  by  the  molecular  dilatation  of  the  vapour  of 
water. 

To  produce  continuous  motion  there  must  be  an  alternate 
action  of  heat  and  cold ;  a  given  portion  of  air,  for  instance, 
heated  beyond  the  temperature  of  the  circumambient  air^  is 
expanded.    If  now  it  be  nuute  to  act  on  a  movable  piston,  it 


mores  this  to  a  point  at  vhich  the  tenaion  or  elastic  force  of 
the  confiocd  air  equals  that  of  the  Borroimding  air.  If  the 
con&ned  air  be  kept  at  this  point,  the  piston  would  remain 
Biuioiuuy ;  but  if  it  be  cooled,  th»  eitemal  air  excrciaing 
then  a.  greater  relative  degree  of  pressure,  the  pbton  returns' 
towards  its  original  position  ;  just  us  it  will  be  seen,  when  wo 
come  to  the  magnetie  force,  that  a  magnet  placed  in  a  parlic- 
olor  position  produces  motion  in  iron  near  it,  but  to  mako 
this  motion  continuous,  or  to  obtain  an  available  mechanical 
power,  the  magnet  must  be  demagnetised,  or  a  stable  equili- 
brium is  obiained. 

In  the  ease  of  the  piston  moved  by  heated  air  the  motion 
of  the  QuiBS  becomes  the  exponent  of  the  amoimt  of  heat — 
i.  e.  of  the  expansion  or  separation  of  the  molecules ;  nor  do 
we,  by  aaj  of  oar  ordinary  methods,  lest  heat  iu  any  other 
way  than  by  its  purely  dynamical  action.  The  various  modi- 
fications of  the  thermometer  and  pyromefer  arc  ail  meaeur- 
era  of  heat  by  motion :  in  these  int^trumcnts  liquid  or  solid 
bodies  are  expanded  and  elongated,  i.  e.  moved  in  a  definite 
direction,  and,  either  by  their  own  visible  motion,  or  by  the 
motion  of  an  attached  index,  communicate  to  our  senses  the 
amount  of  the  force  by  which  they  moved.  There  are,  in- 
deed, some  delicate  experiments  which  tend  to  prove  that  a 
rc^nlsivo  action  between  separate  masses  is  produced  by  heat. 
Fresnel  found  that  mobile  bodies  healed  in  an  exhausted  re- 
ceiver repelled  each  other  to  sensible  distances ;  and  Baden 
Powell  found  that  the  coloured  rings  usually  called  Newton's 
rings  change  their  breadth  and  position,  when  the  glasses  be- 
tween which  they  appear  are  healed,  in  a  manner  which 
showed  that  the  glasses  repelled  each  other.  M.  Faye's  the- 
ory of  comets  is  based  on  some  such  repellent  force.  There 
is,  however,  some  difficulty  in  pre5<cnting  these  phenomena  to 
the  mind  in  the  same  aspect  as  the  molecular  repulsive  aetioo 
of  beat. 

The  phenomena  of  what  is  .termed  latent  heat  have  been 
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genenHj  eouidered  as  strao^  in  hmmr  of  that  vieir  irludi 
regardfl  heat  either  as  actual  matter,  or,  at  all  erents,  as  a 
Bobstamire  endtr,  and  not  a  moticm  or  afiection  of  ordinaij 


The  hjpodiens  of  latent  matter  is,  I  Tentnre  with  diffi* 
dence  to  think,  a  dangerons  one— it  is  something  like  the  old 
princq>le  of  Phlogiston,  it  is  not  tangible,  visible,  audible ; 
it  is,  in  fact,  a  mere  subtle  mental  conception,  and  ou^t,  I 
submit,  onlj  to  be  received  on  the  ground  of  absolute  neces- 
sitj,  the  more  so  as  these  subtleties  are  apt  to  be  carried  on 
to  other  natural  phenomena,  and  so  the  j  add  to  the  hypothe- 
tical scaffolding  which  is  seldom  requisite,  and  should  be 
sparing^/  used,  even  in  the  earlj  stages  of  disoovcij.  As  an 
instance,  I  think  a  striking  one,  of  the  injurious  efiects  d 
this,  I  will  mention  the  analogous  doctrine  of  ^  invisible  light ; ' 
and  I  do  this,  meaning  no  disrespect  to  its  distinguished  au- 
thor, any  more  thaiT  in  discussing  the  doctrine  of  latent  heat, 
I  can  be  supposed,  in  the  slightest  degree,  to  aim  at  detract* 
ing  from  the  merits  of  the  illustrious  investigators  of  the  fisusts 
which  that  doctrine  seeks  to  explain.  Is  not  ^  invisible  light,' 
a  contradiction  in  terms  ?  has  not  light  ever  been  regarded  as 
that  agent  which  affects  our  visual  organs  ?  Invisible  light, 
then,  is  darkness,  and  if  it  exist,  then  is  darkness  light*  I 
know  it  may  be  scdd,  that  one  eye  can  detect  light  where 
another  cannot ;  that  a  cat  may  see  where  a  man  cannot ;  that 
an  insect  may  see  where  a  cat  cannot ;  but  then  it  is  not 
invisible  light  to  those  who  see  it :  the  light,  pr  rather  the 
object  seen  by  the  cat,  may  be  invisible  to  the  man,  but  it 
is  visible  to  the  cat,  and,  therefore,  cannot  abstractedly  be 
said  to  be  invisible.  If  we  go  ^irther,  and  find  an  agent 
which  affects  certain  substances  similarly  to  light,  but  does 
not,  as  for  as  wo  are  aware,  affect  the  visual  organs  of  any 
animal,  tlien  is  it  not  an  erroneous  nomenclature  which  calls 
such  an  agent  light?  There  are  many  cases  in  which  a  de- 
viation from  the  once  accepted  meaning  of  words  has80g;rad- 


uftUy  ent«red  into  common  usage  os  to  be  unaToidablc,  but  I 
veDlure  to  thiok  tliat  adilitions  to  such  cases  should  aa  far 
u  poasibla  be  BTOided,  as  injurious  to  that  precision  of  lan- 
guage which  is  one  of  the  safest  guards  to  knowledge,  and 
from  the  absence  of  which  physical  science  has  materially 
sufi«red. 

Let  us  now  shortly  examine  the  question  of  latent  heat, 
and  see  whether  the  pbenomena  cannot  be  as  well,  if  not 
more  Eatisfadorily,  explained  without  the  hypotheaia  of  la- 
tent niAttcr,  an  idea  presenting  many  similar  difficulties  to 
that  of  invisible  light,  though  more  eanctioncd  by  usage. 
Latent  heat  is  supposed  to  be  the  mutter  of  heat,  aa!>ociated, 
in  a  masked  or  dormant  state,  with  ordinary  mutter,  not  ca- 
pjible  of  being  detected  by  any  test  ao  long  as  the  matter  with 
which  it  is  associated  remains  in  the  same  physical  State,  but 
communicated  to  or  absorbed  from  other  bodies,  when  the 
matter  with  which  it  is  associated  changes  its  state.  To 
take  a  common  example :  a  pound  or  given  weight  of  water 
at  172^,  mixed  with  an  eqoal  weight  of  water  at  33%  will 
acquire  a  mean  temperature,  or  102' ;  while  water  at  172% 
mixed  with  an  equal  weight  of  ice  at  32^,  will  be  reduced  to 
32°.  By  the  theory  of  latent  heat  this  phenomenon  is  thus 
explained; — In  the  first  case,  that  of  the  mixture  of  water 
with  water,  both  the  bodies  being  in  llie  same  physical  slate, 
no  latent  heat  b  rendered  aensible'  or  sensible  beat  latent ; 
bat  in  the  second,  the  ice  changing  its  condition  from  the  solid 
to  the  liquid  stale  abstracts  from  tlie  liquid  as  much  heat  aa 
it  requires  to  maintain  it  in  the  liquid  stale,  which  it  renders 
latent,  or  retains  associated  with  itself,  ao  long  as  it  remains 
liquid,  bat  of  wliidi  heat  no  evidence  can  be  afforded  by  any 
thermoscopic  test. 

I  believe  this  and  similar  phenomena,  where  heat  is  con- 
nected with  a  change  of  elate,  maybe  explained  and  dis- 
linclJv  comprehended  without  recourae  to  the  conception  of 
latent  heat,  though  it  reqniree  ecune  effort  of  the  mind  to  di- 
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vest  itsolf  of  this  idea,  and  to  view  the  phenomena  moflj  in 
their  dynamical  relations.  To  assist  ns  in  so  viewing  them, 
let  us  first  parallel  with  purely  mechaoiical  actioxA,  certain 
simple  eficcts  of  heat,  where  change  of  state  (I  mean  soch 
change  as  from  the  solid  to  the  liquid,  or  liquid  to  the  gase- 
ous state)  is  not  concerned.  Thus,  place  within  a  reoexrer  a 
hladdcr,  and  heat  the  air  within  to  a  higher  temperatoie 
than  that  without  it,  the  hladder  expands ;  so,  force  the  air 
mechanically  into  it  by  the  air-pump,  the  bladder  ea^Minds ; 
cool  the  air  on  the  outside,  or  remove  its  pressure  mechanic 
caUy  by  an  exhausting  pump,  the  bladder  also  expands ;  con* 
verscly,  increase  the  external  repellent  force,  either  by  heat 
or  mechanical  pressure,  and  the  bladder  contracts.  In  the 
mechanical  effects,  the  force  which  produced  the  distension 
is  derived  from,  and  at  the  expense  of,  the  mechanical  power 
employed,  as  from  muscular  force,  from  gravitation,  from  the 
reacting  elasticity  of  springs,  or  any  similar  force  by  which 
the  air-pump  may  be  worked.  In  the  heating  effects,  the 
force  is  derived  from  the  chemical  action  in  the  lamp  or 
source  of  heat  employed. 

Let  us  next  consider  the  experiment  so  arranged  that  the 
force,  which  produces  expansion  in  the  one  case,  produces  a 
correlative  contraction  in  the  other :  thus,  if  two  bladderS| 
with  a  connecting  neck  between  them,  be  half-filled  with  air, 
as  the  one  is  made  to  contract  by  pressure  the  other  will  di- 
late, and  vice  versil ;  so  a  bladder  partly  filled  with  cold  air, 
and  contained  within  another  filled  with  hot  air,  expands, 
while  the  space  between  the  bladders  contracts,  exhibiting  a 
mere  transfer  of  the  same  amount  of  repulsive  force,  the 
mobility  of  the  particles,  or  their  mutual  attraction,  being 
the  same  in  each  body ;  in  other  words,  the  repulsive  force 
acts  in  the  direction  of  least  resistance  until  equilibrinm  is 
produced ;  it  then  becomes  a  static  or  balanced,  instead  of  a 
dynamic  or  motive  force. 

Let  us  now  consider  the  case  where  a  solid  is  to  be 
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dungod  to  a  liquid,  or  a  liquid  to  a  gas ;  here  a  much  great- 
er lunannt  of  heal  or  repulsive  force  is  required,  on  account 
of  tlie  cohesion  of  the  particles  to  bo  separated.  la  order  to 
separate  the  particles  of  the  eolid,  precisely  aa  much  force 
must  be  parted  with  hy  the  warmer  liquid  body  as  keeps  an 
e<}tial  quantity  of  it  in  its  liquid  slate  ;  it  is,  indeed,  only  with 
a  more  strilung  line  of  demarcation,  the  case  of  the  hot  and 
cold  bhidder — a  part  of  the  repellent  poVer  of  the  hot  parti- 
cles is  transferred  to  the  coM  particles,  and  separates  ihem  in 
their  turn,  but  the  antagonist  force  of  cohesion  or  aggregation 
necessary  to  be  overcome,  being  in  this  case  much  stronger, 
requires  and  exhausts  an  esoctly  proportionate  amount  of 
repellent  force  mechanically  to  overcome  it ;  hence  the  differ- 
ent effect  on  a  body  such  os  the  common  ifacrraometer,  the 
expanding  liquid  of  which  does  not  undergo  a  similar  change 
of  stale.  Thus,  in  the  example  above  given,  of  the  miztnre 
of  cold  with  hot  water,  the  hot  and  cold  water  and  tlio 
mercury  of  the  thermometer  being  all  in  a  liquid  stale  before, 
and  remaining  so  after  contact,  llie  resulting  temperalurc  is 
an  exact  mean  ;  the  hot  water  contracts  to  a  certain  extent, 
the  cold  water  expands  to  the  some  extent,  and  the  ther- 
mometer either  sinks  or  rises  the  same  number  of  degrees, 
accordingly  as  it  bad  been  previously  immersed  in  the  cold 
or  in  the  hot  solution,  its  mercnry  gaining  or  losing  an  equiva- 
lent of  repellent  force.  In  the  second  instance,  viz.  the  mix- 
ture of  ice  with  hot  water,  the  substance  we  use  as  an  indi- 
cator, L  e.  mercury,  docs  not  undergo  the  some  physical 
change  es  those  whoso  relutions  of  volume  we  arc  examioing. 
The  force — viewing  heal  simply  as  mechanical  force— whieli 
is  employed  in  loosening  or  tearing  asunder  the  particles  of 
the  solid  ice,  is  abstracted  from  the  liquid  water,  and  irom 
the  liquid  mercury  of  the  thermometer,  and  in  proportion  as 
this  force  meets  with  a  greater  resistance  in  separating 
the  .panicles  of  a  solid  than  of  a  liquid,  so  the  bodies 
which  yield  the  force  suffer  proportionately  a  greater  cou- 
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If  we  oompftre  the  action  of  lieat  od  the  two  sobitaiioaei 
water  and  mercnrj,  akme,  and  throw  out  of  oar  oonaidaration 
the  ice,  we  shall  be  able  to  applj  the  tame  view :  thua,  if  a 
given  sonroe  of  heat  be  applied  to  water  containing  a  Biareifr- 
rial  thermometer,  both  the  water  and  mercmy  gradnallj'  ex- 
pand, bnt  in  different  degrees ;  at  a  certain  point  the  attrac- 
tive force  of  the  moleenles  of  the  water  is  so  ftr  overcame 
that  the  water  becomes  vapour.    At  this  point,  the  heat  or 
force,  meeting  with  mnch  less  resistance  firom  the  attractioii 
of  the  particles  of  steam  than  from  thoee  of  the  mercnrj,  ex- 
pends itself  npon  the  former ;  the  mercnrj  does  not  farther 
expand,  or  expands  in  an  infinitesimallj  small  degree,  and 
the  steam  expands  greatlj.    As  soon  'as  this  arrives  at  a 
point  where  circumambient  pressnre  causes  its  resistance  to 
further  expansion  to  be  equal  to  the  resistance  to  expansion 
in  the  mercury  of  the  thermometer,  the  latter  again  rises, 
and  80  both  go  on  expanding  in  an  inverse  ratio  to  their 
molecular  attractive  force.     If  the  circumambient  pressare  be 
increased,  as  bj  confining  the  water  at  the  commencement^ 
of  the  experiment  within  a  less  expansible  bodj  than  itself, 
such  as  a  metallic  chamber,  then  the  mercurj  of  the  theor^ 
mometer  continues  to  rise ;  and  if  the  experiment  were  con- 
tinued, the  water  being  confined  and  not  the  mercnrj,  until 
wo  have  arrived  at  a  degree  of  repulsive  force  which  is  aUe 
to  overcome  the  cohesive  power  of  the  mercurj,  so  that  this 
expands  into  vapour,  then  we  get  the  converse  effect;  the 
force  expends  itself  upon  the  mercurj,  which  expands  in- 
dcfinitelj,  as  the  water  did  in  the  first  case,  and  the  water 
does  not  expand  at  all. 

Another  vcrj  usual  mode  of  regarding  the  subject  maj 
ombarras  at  first  sight,  but  a  little  consideration  will  show 
that  it  is  explicable  bj  the  same  doctrine.  Water  whidi  has 
ico  floating  in  it  will  give,  when  measured  bj  the  thermo- 
moter,  the  same  temperature  as  the  ice ;  i.  e.  both  the  '^9ilbBt 
and  ice  contract  the  mercurj  of  the  thermometer  b  the  point 
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wnventioaaUv  marked  as  Si".  It  maj  be  said,  how  ia  this 
reconnleable  with  the  dTnamJcal  doctrine,  for,  according  to 
that,  the  solid  should  take  from  the  mercnrj  of  the  ther* 
momeler  more  rcpabivo  power  than  [he  liquid ;  conse- 
qnentlj,  the  ice  should  contract  the  mercury  more  IhaA  the 

My  answer  is,  that  in  the  proposition  as  thus  staled,  the 
qoantities  of  the  water,  ice,  and  mercury  are  not  taken  into 
CODS ide ration,  and  hence  a  neceasary  dyiuiwica]  element  is 
neglected  :  if  the  element  of  quantity  be  included,  this  objec- 
tion will  not  apply-  Let  the  thermometer,  for  instance,  con- 
tain 13  oz.  of  mercury,  and  stand  at  100^  ;  if  placed  in  con- 
tact with  an  nnlimiled  quantity  of  ice  ul  32",  the  mercDiy 
will  sink  fo  82'.  If  the  same  thermometer  be  immersed  in 
an  mdimiled  quantity  of  water  at  32',  the  mercury  sinks  also 
to  32* ;  not  abgohitely,  perhaps,  because,  however  great  the 
qoantily  of  water  or  ice,  it  will  be  somewhat  raised  in  tem- 
poratnre  by  the  wanner  mercury.  This  elevation  of  Icrapora- 
lore  above  32'  will  be  smEillcr  in  proportion  as  the  quantity 
rater  or  ice  is  larf^r  than  the  quantity  of  mercury ;  and, 
r«  know  of  DO  intermediuio  state  between  ice  and  water, 
eonlacl  of  a  thernjomelcr  at  a  temperainre  above  the 
■ring  point  with  any  quantity  of  ice  exnctly  at  the  freezing 
point  would,  iheorelically  speaking-,  liquefy  the  whole,  pro- 
vided it  had  sufficient  time  ;  for  aa  every  portion  of  that  ice 
would  in  time  )mve  its  temperature  raised  by  the  contact  of 
tliu  warmer  body,  and  as  any  elevation  of  temperature  above 
the  freezing  point  liquefies  ice,  every  portion  should  be  lique- 
fied. Practically  speaking,  however,  in  both  cases,  that  of 
and  of  the  ice,  when  the  quantity  is  indefinitely 
it  the  thermometer  falls  to  32^. 
Now  place  ilio  some  tliermouieter  at  100°.  successively 
of  water  at  32',  and  in  one  of  ice  at  32';  we  shall 
find  in  the  former  case  it  will  be  lowered  only  to  64',  and  in 
Um  Litter  lo  32"  ;  apply  lo  this  the  doctrine  of  repulsive  force, 
get  a  satisfactory  explanation. 
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In  the  first  case,  the  qomntities  both  of  iee  and  water  be- 
ing indefinitely  great  in  respect  to  the  mercoiy,  each  redooea 
it  to  its  own  temperature,  rix.  32^,  and  the  ioe  camiot  ledooa 
the  mercoij  below  32',  because  it  would  reoeiTO  back  repnl- 
siTO  power  from  the  newly  formed  water,  and  this  would  be- 
come ice  ;  in  the  second  case,  where  the  quantities  are  Umited, 
the  mercury  does  lose  more  repulsiTO  power  by  the  ioe  than  by 
the  water,  and  the  observations  made  in  reference  to  the  first 
illustration  apply. 

The  above  doctrine  is  beautifully  instanced  in  the  eipeii- 
ment  of  Tfailorier,  by  which  carbonic  add  is  solidified.  Car- 
bonic add  gas,  retained  m  a  strong  vessel  under  great  pree* 
sure,  is  allowed  to  escape  firom  a  small  orifice ;  ihe  sudden 
expansion  requires  so  great  a  supply  of  force,  that  in  fumiah- 
ing  the  demands  of  the  expanding  gas  certain  other  portions 
of  the  gas  contract  to  such  an  extent  as  to  solidify :  thus,  we 
have  redprocal  expansion  and  contraction  going  on  in  one 
and  the  same  substance,  the  time  being  too  limited  for  the 
whole  to  assume  a  uniform  temperature,  or  in  other  words,  a 
uniform  extent  of  expansion. 

It  has  been  observed  with  reference  to  heat  thus  viewed, 
that  it  would  be  as  correct  to  say,  that  heat  is  absorbed,  or 
cold  produced  by  motion,  as  that  heat  is  produced  by  it.  This 
difficulty  ceases  when  the  mind  has  been  accustomed  to  re- 
gard heat  and  cold  as  themselves,  motion ;  i.  e.  as  correlative 
expansions  and  contractions,  each  being  evidenced  by  relatk>n| 
and  being  inconceivable  as  an  abstraction. 

For  instance,  if  the  piston  of  an  air-pump  be  drawn  down 
by  a  weight,  cold  is  produced  in  the  receiver.  It  may  be  here 
said  that  a  mechanical  force,  and  the  motion  consequent  upon 
it,  produces  cold ;  but  heat  is  produced  on  the  opposite  side 
of  the  piston,  if  a  receiver  be  adapted  so  as  to  retain  the  com- 
pressed air.  Assuming  them  to  equivalise  each  other,  the 
force  of  the  falling  weight  would  be  expressed  by  the  heat  of 
friction  of  the  piston  against  its  tube,  and  by  the  »^w*tiim  or 


rer  of  reaction  of  the  compreased  against  the  dilated  air. 
If  tti«  Lcat  due  to  compreBsion  be  made  to  perform  mechani- 
cal work,  it  would  pro  taiito  be  consumed,  and  could  not 
restore  ihe  temperature  to  the  dilated  air ;  but  if  it  perform 
no  work,  no  heat  is  lost.  Mr.  Joule  has  experimentally 
proved  lliis  proposition.  — < 

In  commencing  the  subject  of  heat,  I  asked  mj  reader  to 
pnt  out  of  consideration  the  eensations  which  heat  produces 
in  oar  own  bodies ;  I  did  this  because  these  sensations  ore 
likely  to  deccire,  and  have  deceived  many  as  to  the  nature  of 
heat.  These  sensations  are  tbemaelves  occasioned  by  simi- 
lar expansions  to  those  which  we  have  been  considering ;  the 
llqaids  of  the  body  are  expanded,  i.  e.  rendered  leas  viscid  by 
heat,  and  from  tbeir  more  ready  flow,  we  obtain  the  sensation 
of  agreeable  warmth.  By  a  greater  degree  of  iieal,  their  ex- 
pansion becomes  too  great,  giving  riijo  to  a  sense  of  pain,  and, 
if  pushed  to  extremity,  as  with  the  heat  which  produces  a 
bam,  the  liquids  of  the  body  are  dissipated  In  vapour,  and  an 
ii^ory  or  destruction  of  the  organic  structure  takes  place.  A 
similar  though  converse  eScct  may  be  produced  by  intense 
oold  ;  the  application  of  frozen  mercnry  to  the  animal  body 
produces  a  bum  similar  to  that  produced  by  great  heat,  and 
accompanied  with  a  similar  sensation. 

Doubtless  other  actions  than  tboso  above  mentioned  inter- 
fere in  producing  the  sensations  of  heat  and  cold  ;  but  I  think 
it  win  be  seen  that  these  will  not  affect  the  argimienla  as  to 
the  nature  of  heat.  The  phenomenal  effects  will  be  found 
tmallered :  heat  wUl  still  be  found  to  be  expansion,  cold  to  be 
contraction  ;  and  the  expansion  and  contraction  are,  as  with 
the  two  bladders  of  air,  correlative — i.  e.  we  cannot  expand 
one  body,  A,  without  contracting  some  other  body,  b  ;  we 
cannot  contract  x  without  expanding  b,  assuming  that  we  riew 
the  bodies  with  relation  to  heat  alone,  and  suppose  no  other 
force  to  bo  manifested.  ' 

I  hare  stud  that  there  are  few  exceptions  as  to  heat  being 
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always  manifested  by  an  expansion  of  matter.  One  duB  of 
these  exceptions  is  only  apparent:  moist  day,  animal  or 
vegetable  fibre,  and  other  substances  of  a  mixed  nature, 
which  contain  matter  of  different  characters,  some  of  whidi  is 
more  and  some  less  volatile,  i.  e.  expansible,  are  contracted 
on  the  application  of  heat ;  this  arises  firom  the  more  volatile 
matter  being  dissipated  in  the  form  of  vapour  or  gas ;  and  the 
interstices  of  the  less  volatile  being  thus  emptied,  the  latter 
contracts  by  its  own  cohesive  attraction,  giving  thus  a  prima 
facie  appearance  of  contraction  by  heat.  The  pyrometer  of 
Wedgwood  is  explicable  on  this  principle. 

The  second  class  of  exceptions,  though  much  more  limited 
in  extent,  is  less  easily  explained.  Water,  fiised  bismuth,* 
and  probably  some  other  substances  (though  the  fact  as  to 
them  is  not  clearly  established),  expand  as  they  approach 
very  near  to  the  freezing  or  solidifying  point.  The  most 
probable  explanation  of  these  exceptions  is,  that  at  the  point 
of  maximiun  density  the  molecules  of  these  bodies  ft«<ffiTne  a 
polar  or  crystaUino  condition ;  that  by  the  particles  being 
thus  arranged  in  linear  directions  like  chevaux  de  firise, 
interstitial  spaces  are  left,  containing  matter  of  less  den- 
sity, so  that  the  specific  density  of  the  whole  mass  is  dimin- 
ished. 

Some  recent  experiments  of  Dr.  Tyndall  on  the  physical 
properties  of  ice  seem  to  favour  this  view.     When  a  sun- 
beam, concentrated  by  a  lens,  is  allowed  to  fiill  on  a  piece 
of  apparently  homogeneous  ice  the  path  of  the  rays  is  in- 
stantly studded  with  numerous  luminous  Spots  like  minute  air 
bubbles,  and  the  planes  of  fireczing  are  made  manifest  by 
these  and  by  small  fissures.     Stars  or  flower-like  figures  of 
six  petals  appear  parallel  to  the  planes  of  freezing,  and  seem- 
ingly spreading  out  from  a  central  bubble.     These  flowers 
are  formed  of  water.     When  the  ice  is  melted  in  warm  water 
no  air  is  given  off  from  the  bubbles,  so  they  seem  to  be  va- 
cuous ;  it  is,  however,  possible  that  extremely  minute  parti* 


des  of  tai  Bufficieat  to  form  foci  for  the  melting  points  of  ice 
migbt  be  diflsolTcd  by  the  water  as  Boon  as  they  cume  in  con- 
t»cl  wilh  it.  Be  this  as  it  may,  the  esistence  of  theBe  potata 
ihroughoat  the  ice,  where  it  givea  way  to  the  boat  of  ihc  solar 
besm,  W  it  docB  not  prove  actual  vacuous  or  aeriform  spaces 
to  exiet  in  ice,  proves  that  it  ia  not  homogeneoua,  that  ila 
Ktrndnre  is  probably  definitely  crystalline,  and  that  the 
matter  composing  it  ia  in  different  degrees  of  aggregation,  so 
that  its  mean  specific  gravity  might  well  be  less  than  that  of 

Vi'e  cannot  examine  piecemeal  the  ultimate  structure  of 
niAtter,  bnt  in  addition  to  the  fact  liiat  the  bodies  which 
*evhice  thia  peculiarity  are  bodies  which,  when  solidified,  ex- 
hibit a  very  marked  cryBialline  characler,  there  are  experi- 
ments  which  show  that  water  between  the  point  of  nuuJmum 
density  and  its  point  of  solidification  polarises  light  circularly ; 
Bfaowing,  if  these  experiments  be  correct,  a  structural  altera- 
tion in  water,  and  one  analogous  to  that  poaseased  by  certain 
oyBtoUifie  solids,  and  to  that  possessed  by  water  itself,  where 
it  is  forcibly  made  to  assume  a  polarised  condition  by  the  in- 
floence  of  magnetism. 

The  accuracy  of  these  results  has,  however,  been  doubled, 
and  the  experiments  have  not  succeeded  when  repealed  by 
very  experienced  handB.  Whether  this  be  so  or  not,  and 
whether  the  above  explanation  of  the  exception  to  the  other- 
wise invariable  effect  of  expansion  by  heat  be  or  be  not  re- 
garded as  ftdmiasible,  most  bo  left  to  the  judgment  of  each 
individual  who  thinks  upon  the  subject ;  at  all  events,  no 
theory  of  heat  yet  proposed  removes  the  ditficolty,  and  there- 
fore it  equally  oppoaes  every  other  view  of  the  phenom- 
ena of  heal,  as  it  does  that  which  I  liavc  here  consid- 
ered, and  which  regards  beat  as  communicable  expansive 

As  certain  bodies  expand  in  freezing,  and  indeed,  under 
Mine  ctrcamslances,  oaforo  they  orrivo  at  the  temperature  at 
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winch  thej  solidify,  we  get  tlie  apparent  anomaly  tliat  tha 
motion  or  mechanical  force  generated  bj  heat^or  change  of 
temperature  4  reversed  in  direction  when  we  arriye  at  the 
point  of  change  from  the  solid  to  the  liquid  state.  Thus  a 
piece  of  ice  at  the  temperature  of  Zero,  Fahrenheit,  would 
expand  by  heat,  and  produce  a  mechanical  force  bj  such  ex- 
pansion until  it:  arrives  at  32"^ ;  but  then  bj  an  increment  of 
heat  it  contracts,  and  if  the  first  expansion  had  moved  a  |»a- 
ton  upwards,  the  subsequent  contraction  would  bring  it  back 
to  a  certain  extent,  or  move  it  downwards,  an  apparent  negar 
tion  of  the  forqe  of  heat. 

Again  with  water  above  40°,  i.  e,  above  its  point  of 
maximum  density,  a  progressive  increment  of  cold  or  decre-« 
ment  of  heat  would  produce  contraction  to  a  certain  point, 
and  then  expansion  or  a  mechanical  force  in  an  opposite  direc- 
tion. Thus  not  only  heat  or  the  expansive  force  given  to 
other  bodies  by  a  body  cooling  would  be  given  out  by  water 
freezing,  but  also  the  force  due  to  the  converse  expansion  in  the 
body  itself,  and  force  would  thus  seem  to  be  got  out  of  noth- 
ing :  but  if  water  in  a  confined  space  be  gradually  cooled,  the 
expansion  attendant  on  its  cooling  as  it  approaches  the  fi«es- 
ing  point  would  occasion  pressure  amongst  its  partides,  and 
thence  tend  to  antagonise  the  force  of  dilatation  produced  in 
them  by  cooHng,  or  to  resist  their  tendency  to  freeze  ;  or  in 
other  words,  the  pressure  would  tend  to  lique&ction,  and  con- 
versely to  the  usual  efiect  of  pressure,  produce  cold  instead 
of  heat,  and  thus  neutralise  some  of  the  heat  yielded  by  the 
cooling  body.  Hence  we  find  that  it  requires  a  lower  tesfe- 
perature  to  freeze  water  under  pressure  than  when  exempt 
from  it,  or  that  the  freezing  point  is  lowered  as  the  presrare 
increases  for  bodies  which  expand  in  freezing — an  efiect  first 
predicted  by  Mr.  J.  Thompson,  and  experimentally  verified 
by  Mr.  W.  Thompson ;  while  as  shown  by  M.  Bunsen,  the 
converse  efiect  takes  place  with  li^odies  which  contract  in 
freeziog.     Here  the  pressure  cooperates  with  the  afbcta  of 


cold,  both  tending  to  approsimafo  the  parlicleB,  and  aucli  aab- 
ttasccB  solidify  at  a  higher  temperature  in  proportion  as  the 
prepare  is  greater ;  so  that  we  might  ospect  a  body  of  Ihia 
clae»,  which  under  the  ordinary  presaure  of  the  air  is  at  a 
(amperatore  jiial  above  its  freezing  point,  to  Bolidify  by 
being  submitted  to  pressure  alone,  the  temperature  being 
kept  constant.  — 

A  similar  class  of  exception  to  the  general  eflect  of 
beat  in  expanding  bodies  is  presented  by  Tolcanieed  caout- 
chouc. This  has  been  observed  by  Mr.  Gough,  osd,  in- 
deed, was  pointed  out  lo  me  many  years  ago  by  Mr. 
Brockedon  to  be  heated  when  stretched,  and  cooled  when 
onst  retched. 

Mr.  Joule  finds  that  its  specific  gravity  is  lower  when 
stretched  than  when  unRtreichcd,  and  that  when  heated 
in  its  stretched  state  it  ebortene,  presenting  in  this  par- 
tictdor  condition  a  similar  series  of  converse  relations  lo 
those  which  are  presented  by  water  near  or  at  its  freezing 

"With  the  esceplion  of  this  class  of  phenomena,  which 
offisr  didicoltics  to  any  theory  which  has  been  proposed,  the 
genera]  phenomena  of  heat  may,  I  believe,  be  explained  upon 
a  porely  dynamical  view,  and  more  salisfactorily  than  by 
haTing  recourse  lo  the  hypothesis  of  latent  matter.  Many, 
howcTcr.  of  the  phenomena  of  heat  are  involved  in  much 
mystery,  particularly  those  connected  with  specific  heat  or 
that  relative  proportion  of  heat  which  equal  weights  of  diflcr- 
ent  bodies  require  to  raise  them  from  a  gii-en  temperoture  to 
another  given  temperature,  which  appear  to  depend  in  some 
war  hitherto  inexplicable  upon  the  molecular  constitution  of 
diSereuC  bodies. 

The  inew  of  heat  which  I  have  taken,  via.  to  regard  it 
simply  as  a  ooramunicable  molecular  repulsive  force,  is  sup- 
ported  by  many  of  the  phenomena  to  which  the  term  specific 
or  relative  heat  is  applied ;  for  example,  bodies  as  they  at- 
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crease  in  temperatme  increase  in  spedfie  lieat.  Hm  nHo 
of  this  increase  in  spedfic  heat  is  greater  with  solids  than 
with  liquids,  although  the  latter  are  more  dilatable;  an 
effect  probablj  depending  upon  the  commencement  of  fusion* 
Again,  those  metals  whose  rate  of  expansion  increases  moot 
rapidly  when  thej  are  heated,  increase  most  in  specific  beat ; 
and  their  specific  heat  is  reduced  by  percussion,  whidi,  bj 
approximating  their  partides,  makes  them  spedficallj  more 
dense.  When,  however,  we  examine  substances  of  Tery 
different  physical  characters,  we  find  that  their  spedfic  heats 
have  no  relation  to  their  density  or  rate  of  expansion  by 
heat;  their  differences  of  specific  heat  must  depend  upon 
their  intimate  molecular  constitution  in  a  manner  aoooonted 
for  (as  far  as  I  am  aware)  by  no  theory  of  heat  hitherto 
proposed. 

In  the  greater  number,  probably  in  all  solids  and  liquids, 
the  expansion  by  heat  is  relatively  greater  as  the  temperature 
is  higher ;  or,  preserving  the  view  of  expansion  and  contrac- 
tion, if  two  equal  portions  of  the  same  substance  be  juxti^ 
posed  at  different  temperatures,  the  hotter  portion  will  con- 
tract a  little  more  than  the  colder  will  expand ;  firom  this 
fact,  viz.  that  the  coeffident  of  expansion  increases  in  a  given 
body  with  the  temperature,  and  from  other  considerations, 
Dr.  Wood  has  argued,  with  much  apparent  reason,  that  the 
nearer  the  particles  of  bodies  are  to  each  other,  the  less  they 
require  to  move  to  produce  a  given  e^^Muision  or  contraction 
in  those  of  another  body.  His  mode  of  reasoning,  if  I  rightly 
conceive  it,  may  be  concisely  put  as  follows : — 

As  bodies  contract  by  cold,  it  is  dear  that,  in  a  given 
body,  the  lower  the  temperature  the  nearer  are  the  partides ; 
and,  as  the  coefficient  of  expansion  increases  with  the  tent- 
perature,  the  lower  the  temperature  of  the  substance  be,  the 
less  the  particles  require  to  move,  or  approach  to  or  recede 
from  each  other,  so  as  to  compensate  the  correlative  receesioa 
or  approach  of  the  partides  in  a  hotter  portion  of  the 
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mlnUiice,  that  is,  in  another  portion  (if  tbo  samo  snbstance 
in  wbicli  the  particles  are  more  diatant  from  each  other. 
Tht!  ainoQiit  of  approximation  or  receasion  of  the  partldea  of 
a  hudj.  in  other  words,  its  change  of  bulk  bj  a  given  change 
of  temperature,  being  thus  in  a  givon  substance  ati  index  of 
the  rebitive  proximity  of  its  panicles,  may  it  not  be  so  of  all 
budieaF  The  proposition  is  very  ingeniously  argued  by  Dr. 
Wood,  but  the  argument  is  based  upon  certain  hypotheses  aa 
la  the  sizes  and  distances  of  atonis,  which  must  be  admitted 
M  poattUales  by  those  nho  adopt  his  conclusions.  Dr. 
'Wood  seeks  by  means  of  this  theory  to  explain  the  heat  pro- 
duced by  chemical  combinalion,  and  I  shall  endeavour  to  give 
a  sketch  of  hin  mode  of  reasoning  when  I  arrive  at  that  port 
of  n^  BubjcLt.  ^ 

-  Although  the  coropamtivc  effects  of  spcciilc  beat  may  not 
be  sntisfaclorily  exphcable  by  any  known  theory,  the  absoloto 
effect  of  heat  upon  each  separate  substance  is  simply  espan- 
noo,  but  when  bodies  differing  in  their  physical  characters 
are  naod,  the  (ato  of  expansion  varies,  if  measured  by  tba 
oorrelativo  contractions  exhibited  by  tlie  Bubatances  produc- 
ing it.  Though  I  am  obliged,  in  order  to  be  intelligible,  to 
talk  of  heat  aa  an  entity,  and  of  its  couduction,  radiation,  &c,, 
y«t  these  expressions  arc,  iu  feet,  inconsistent  with  the  dyna- 
mic theory  which  regards  heat  aa  motion  and  nothing  else ; 
thus  conduction  would  be  simply  a  progressive  dilatation  or 
motion  of  the  particles  of  the  conducting  substance,  radiation 
an  nndtUation  or  motion  of  the  particles  of  the  medium 
through  which  the  heat  is  said  to  be  transmitted,  &c. ;  and  it 
is  a  strong  argnmcnt  in  favour  of  this  theory,  that  for  every 
diversity  in  the  physical  character  of  bodies,  and  ibr  every 
change  in'-tbe  structure  and  arrangement  of  particles  of  the 
same  body,  a  change  b  apparent  in  the  thermal  offeete. 
Thus  gold  conducts  heat,  or  transmits  the  motion  called  heat, 
more  readDy  than  copper,  copper  than  iron,  iron  than  lead, 
ud  leftd  than  porcelain,  &c. 
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So  ifhen  the  strudure  of  a  snbfltanoe  is  not  liomogeneoiiSi 
we  hare  a  change  in  the  conduction  of  different  parts  depend- 
ent  upon  the   strnctnre.     This  is  beantifbllj  shown  with 
bodies  whose  ^tmcture  is  STmmetricallj  arranged,  as  in  cxys- 
tals.     Senarmont  has  shown  that  crystals  conduct  heat  differ- 
enih*  in  different  directions  with  reference  to  the  axis  of 
<Tm2ne:rr.  but  definitelv  in  definite  directions.     His- mode  of 
cxperisK'nting  15  as  follows : — ^A  plate  of  the  crystal  is  cut  in 
a  direction,  for  one  set  of  experiments  paraQel,   and  for 
a::oibor  ai  right  angles  to  the  axis ;  a  tube  of  platinum  is  in- 
Kr.ed   through  the  centre   of  the  plate,  and  bent  at  one 
ex:iv:nirr.  so  as  to  be  capable  of  being  heated  by  a  lamp 
wiUk-'ut  the  host  which  radiates  from  the  lamp  affecting  the 
or^-^:.*.? :  :ho   <unaces   or  bases  of  the  plate  of  crystal  are 
<N^xcT\\i  ^-i:h  Avax.     TThea  the  platinum  is  heated,  the  direo- 
t:or.  ot'  I  ho  boat  conducted  by  the  crystal  is  made  known  by 
th^  uio::ing  01*  tho  wax.  and  a  curved  line  is  visible  at  the 
v.*.:to«uro  of  tho   solid  and  liquid  wax.     This  curve,  with 
houtO;^^:uvv.s  >ub<taiuvs.  as  glass  or  zinc,  is  a  circle ;  it  is 
A'jk>  a  o:r\*iO  o!i  platos  of  calc  spar  cut  perpendicular  to  the 
a\i:i  of  <Y:v.!r.o:Ty  :  but  on  plates  cut  parallel  to  the  axis  of 
5vn\u;oirv,  ar.o.  having  their  plane  perpendicular  to  one  of  the 
ta^vs  of  tV.o  pr.r.iitivo  rhomlK»hedrou,  the  curves  are  v^ell- 
\:ot\'.UNi  orii:v<os.  having  their  longer  axes  in  the  direction  of 
tho  axis  01*  ,<vv.u«otr>\  showing  that  this  axis  is  a  direction  of 
^T\*aJor  iv.^huiib'ility.     From  experiments  of  this  character 
tho  \r.v:v:uv  is  arawn,  that  •  in  media  constituted  like  crys- 
tals ot"  tho  rhoi«lH>hotlral  system,  the  conducting  power  varies 
it!  s«oh  a  luannor.  that,  supposing  a  centre  of  heat  to  exist 
within  thorn,  ami  tho  medium  to  be  indefinitely  extended  in 
all  iiiivotions,  tho  isothomial  surfaces  are  concentric  ellipsoids 
of  TXMohition  nmnd  tho  axis  of  symmetry,  or  at  least  surfaces 
ditVorin::  btit  littlo  thorotWm/ 

KnoMauoh  has  further  shown,  that  radiant  heat  is  absorb- 
«^d  in  ditVorout  dogrees,  according  as  its  direction  is  paraHftl 
iu'  por|H'ndioular  to  tho  axis  of  a  crystaL 
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let  a  finbstance  of  &  diffi^reot  bat  also  of  n  deRnit« 
I,  such  as  wood,  we  find  that  heat  progresees  throngli 
it  with  more  or  less  ropidity,  acoowling  to  its  direction  with 
referenoe  to  the  fibre  of  tho  wood  :  thus  DeeondoUe  and  De 
la  Bive  found  that  the  conduction  was  better  in  a  direction 
parallel  to  the  fibre  than  in  one  Iranarerae  to  it ;  and  I>r. 
Tjndall  has  added  the  fact,  that  the  conduction  in  better  in  a 
direction  troDarerse  to  tlio  fibres  and  layers  of  the  wood  than 
when  traaaverse  to  the  fibre  but  parallel  to  the  layers,  though 
in  both  tbeee  directions  the  conduction  is  inferior  lo  that  {ol> 
krwing  the  direction  of  the  fibre.  Thus,  in  the  three  possible 
ffirectioiu  in  which  the  structure  of  wood  uiaj  be  contem* 
plated,  we  hare  three  different  degrees  of  progression  for 
beat. 

In  the  above  examples  we  see,  as  we  shall  see  farther  on 
with  reference  to  all  the  so-called  imponderables,  that  the 
phenomena  depend  upon  the  molecular  structure  of  the  mat- 
ter affected ;  and  although  these  facts  are  not  absolittcly  in- 
COTRSIent  with  the  theory  which  supposes  them  to  be  fluids 
or  entities,  it  will,  I  think,  be  found  to  bo  far  more  consistent 
with  that  which  views  them  as  motion.  Heat,  which  we  are 
at  present  considering,  cannot  be  insulated :  wo  cannot  re* 
move  the  heat  from  a  substance  and  retain  it  as  hent ;  we 
can  only  transmit  it  to  another  substance,  either  as  heat  or 
as  some  other  mode  of  force.  Wc  only  know  certain  changes 
of  matter,  for  which  changes  boat  is  a  generic  name ;  the 
iKing  heat  is  unknown. 

Heat  having  been  shown  to  be  a  forco  capable  of  pro- 
dncing  motion,  and  motion  to  be  capable  of  prodncing  the 
other  modes  of  force,  it  necessarily  follows  that  heat  is  capa- 
ble, mediately,  of  producing  them ;  I  will,  therefore,  content 
myself  with  enquiring  how  far  heat  is  capable  of  immediately 
prudncing  the  other  modes  of  force.  It  will  immediately 
produce  eleetricrtif,  as  shown  in  the  beautiful  esperiments  of 
Seebeck,  one  of  which  I  have  already  cited,  which  experi- 
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ments  prored,  that  when  diawiinilar  metals  are  made  to  toodi, 
or  are  soldered  together  and  heated  at  the  pomt  of  oontact,  m 
CDirent  of  electricity  flows  throng  the  metala  haTing  a  defi- 
nite direction  according  to  the  metals  employed,  whidi  cmv 
rent  continues  as  long  as  an  increasing  temperature  is  grad- 
nallj  pervading  the  metals,  ceases  irhen  the  temperature  is 
stationary,  and  flows  in  the  contraiy  direction  with  the  decre- 
ment of  temperature. 

Another  class  of  phenomena  which  hare  heen  generally 
attributed  to  the  effects  of  radiant  heat,  and  to  which,  from 
this  belief,  the  term  thermography  has  been  applied,  may 
also,  in  their  turn,  be  made  to  exhibit  electrical  efiects— ef- 
fects here  of  Franklinic  or  static  electricity,  as  Seebeck's  ex- 
periments showed  effects  of  yoUaic  or  dynamic  electricity. 

If  polished  discs  of  dissimilar  metals — say,  zinc  and  cop- 
per— ^be  brought  into  dose  proximity,  and  kept  there  for 
some  time,  and  either  of  them  has  irregularities  upon  its  sur- 
face, a  superficial  outline  of  these  irregularities  is  traceable 
upon  the  other  disc,  and  vice  Ters4.  Many  theories  haye 
been  framed  to  account  for  this  phenomenon,  but  whether  it 
be  due  or  not  to  thermic  radiations,  the  relative  temperature 
of  the  discs,  their  relative  capacities  and  conducting  and 
radiating  powers  for  heat,  undoubtedly  influence  the  phe- 
nomena. 

Now,  if  two  such  discs  in  dose  proximity  be  connected 
with  a  delicate  electroscope,  and  then  suddenly  separated, 
the  electroscope  is  affected,  showing  that  the  redprocal  ra- 
diation from  surface  tO  surface  has  produced  electrical  force. 
I  cite  this  experiment  in  treating  of  heat  as  an  initial  force, 
because  at  present  the  probabilities  are  in  favour  of  thennic 
radiation  produdng  the  phenomenon.  The  origin  of  these 
so-called  thermographic  effects  is,  however,  a  question  <^n 
to  much  doubt,  and  needs  much  further  experiment.  When 
I  first  published  the  experiment  which  showed  that  the  mere 
approximation  of  metallic  discs  would  give  rise  to  electrical 
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oflects,  I  mBDtioiied  Uiat  I  conaiitercd  the  fad  of  Uie  mperft- 
cial  change  npou  liie  sur&ce  of  iiiel«la  in  proximity,  and,  d 
faitiori,  in  contact,  would  explain  the  developement  of  eleo- 
triaty  in  VolLa's  original  contact  experiment,  without  having 
reoourse  to  the  contact  Uieoiy,  i.  e.  a  ihcoiy  which  suppoaes 
A  force  to  be  produced  bj  njere  contact  of  diseinular  melala 
without  anj'  molecular  or  chemical  change.  I  have  seen 
nothing  to  alter  ihia  view.  Mr.  Gassiot  has  repeated  and 
verified  laj  experiment  with  more  delicate  apparatus  and 
mder  more  unesceptiooable  circninatancea ;  ond  without  eay- 
iag  that  radiant  heat  is  the  initial  force  in  thia  caee,  we  have 
evidence,  by  the  superficial  change  which  takes  place  91 
\s  closely  approximated,  that  some  molecular  change  is 
pUce,  some  iurce  is  called  Into  action  by  their  proxim- 
t^,  which  produces  changes  in  matter  ds  it  expends,  or 
latJier  transmlla  itself;  and,  therefore,  is  not  a  force  without 
akolocular  change,  as  the  supposed  contact  force  wotdd  be. 
Xfaft  iatoa  in  this,  as  In  oU  other  cases,  is  not  created,  but  de~ 

>ped  by  the  action  of  matter  on  matter,  and  not  aunihi- 
shown  by  this  experiment  to  be  convertible  into 
■aulher  mode  of  force.  — - 

Til  say  that  heat  will  produce  lights  is  to  assert  a  fiict  ap- 
parently familiar  to  every  one,  but  there  may  he  some  rea- 

to  doubt  wlieiher  the  expression  to  produce  light  is  eor- 

ia  lliis  particular  application  ;  the  relation  between  beat 

id  Light  is  not  analogous  to  tlie  corrchition  between  iliese 

ibe  other  tiiur  affections  of  mailer.  Ueat  and  light  ap- 
pear to  be  rather  modifications  of  the  same  force  than  dis< 
linet  forces  mutually  dependent.  The  modes  of  action  of  ra- 
diant heat  and  of  light  are  so  similar,  both  being  subject  lo 
Ibe  same  laws  of  reflection,  refraction,  and  double  refraction, 
and  poWisation,  that  their  diflercace  appears  to  exist  mot's 
to  th«  manner  in  which  ibey  aSect  our  senses  than  in  our 
meiilal  conception  of  ihem.    . 

XhB  experiments  of  Mellooi,  which  have  mainly  contrib- 
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iced  to  demonstrate  thi«  dose  analogy  of  heat  and  light,  t3» 
to:\i  A  beiiuiiful  insiance  of  the  assistance  which  the  progress 
cf  >>r.e  1  ranch  of  fhy«ical  science  renders  to  that  of  another. 
Thi"  ilis.vTor:c5  of  Oersted  and  Seebeck  led  to  the  constmc- 
xi.^z  o:"  i-  :7,<:r:in^.e:::  :or  measuring  temperature,  inoompara- 
"b'v  v.:  .TV  *\iliv\i:c  than  aav  previously  known.  To  distin- 
jT-.sl".  ::  fr.* ■.■.•.  »"0  orviinarr  thermometer*  this  instrument  is 
*v.,.^  •  :":•;'  :'!•..'-";.•'■;■/::"■-■-.  Ii  consists  of  a  series  of  small 
^•tr*  0-:  :-.*-*.•-:'::  sn^i  ;»::::3aoav.  forming  one  zigzag  chain  of 
*1  i^TTJi:>:r.*  irrfk:ip:d  jArallel  lo  each  other,  in  the  shape  of 
ft  .■^■..r'.vcT  .T  rr.?n ;  ^^^  '.la:  :ho  points  of  jimction,  which  are 
j^vA-;-;-.:.  **:jl11  ':<  all  cxjosed  a:  the  bases  of  the  cylinder: 
-.S*  .-»v  iv:Tvr:i:::t*5  c:  "Ju*  series  are  united  to  a  galvano- 
r,v  .  ^ —  :a:  ..x.  *  1a:  o:il  c:  "wire  surrounding  a  freely-ens- 
Tv .  .>.- A  ■".'.--*;*  ::.*  "c i  .ik.  :le  dir>cc::oa  of  which  is  parallel  to 
-.."v  .r  ■  .■'..:■.■;<  .:"  ::.;  wire.  'NVhen  radiant  heat  impinges 
v,.v  *.  ■,*  >.'.*;-\-.-.  -7.1*  ::  :hc  nuliirlier,  a  thermo-electric 
.^-.*'\  ■  >  .*.-..;.vl  ir.  ii,-"r.  r^vlr:  :i-i.  as  all  these  currents 
v  V  ,*  ,'  ^.'...-■..i  v.v  ;:.c  s.i.:r:-:  dirsc^icn.  the  enersr  of  the 
*»  •/  .•  *  :-:/>i.'  ■;;.•  :;:  vrvr<rs:i-^  fonxs:  this  current^ 
^*.  ^  .;..\  -■:  '.ji-  c.".lvAi:;=:c:er.  defects  the  needle 

»   ■;. ,    >•.  :v  \  .r:v.:  ,':  :!.;  clcccrv^magaexic  tangential 
v.-.v    '     .      ,*   .;;-*::  .;"  :r.-.?  .icd^'r:::::  serves  as  the  index 

".V.A   .  *  .  v  •-    ■:.\  :;•■  .:.;-**:  rjrA=^  slijw  a  remarkable  di^ 

\  \   -.r    .\    *v,        '.■  •  .-iw-<s.vJ.»c5sX--.v.  :r  power  of  transmit- 

.,   V.  *     -  -■    *s"       ~- v.svc rv V. :;•":  :lv^.  T*r:e ody  iransparent 

.  *        »    \  •  -»   -v  V  :;a    .:.v.:  c.*jLr:r  >:  iirk  tvloured  as  to  be 

.   ,%  .    .    '     ■'   .V.  vl--,:  •-■..>.  ^ivu  rlass  MeDoui  found 

V  .»  ...  \»    V  ,        'i  <::      : z  s,  ":v-^.z:  c:  .rlUiaz:  light,  while, 

*»  .       v»    ,v  o.i  ,'      \*-v.';.s.\".>:.  r.=  ^vuli  detect  no  indi- 

o.   ^    •  .        '   ^  ■     A    *.<      .'.*  '.^ViT  .':h<r  L&zi.  rock<-sah«  the 

. .  ^'        .   ^v  .  v.'v\        Xv-»  "^  "^v.  v.'jtv  >v'   vvrenfd  with  soot 

N     . .    »  .'  .»    V    V  ,1  *v .  :v*  .vuu.:  ,^iya'r2e  of  transmit- 

x^^   •  «v  K  .>.    oa«   ^.i>a>.-.;.\  «'c  z^ji:.     Rt*iian;  heat,  when 


buiamtled  throngb  a  prism  of  rock-ealt,  is  foDnd  to  be  nne- 
qoAlly  refracted,  oa  is  ibe  case  wiih  light ;  sad  the  raj-s  of 
lieal  iLuB  elongated  into  what  is,  for  the  sake  of  analogy, 
called  a  spectrDm.  are  found  to  possess  similar  properties  to 
the  primaTy  or  coloured  rays  of  light.  Thus  rock-selt  ia  to 
beat  what  colourless  glass  is  to  light ;  it  transmits  heat  of  all 
degrees  of  refrssgibility :  alum  is  to  heat  as  red  gloss  to 
li^t;  it  transroits  the  least,  and  stops  the  most  refrangible 
my»;  and  rock-salt  covered  with  soot  represents  blue  glass. 
tratismitiiiig  the  most,  nnd  stopping  the  least  refrangible  rays. 

Certain  bodies,  again,  reflect  heal  of  different  refrangi- 
bility ;  thns  paper,  snow,  and  lime,  allbough  perfectly  while 
— that  is,  reflecting  light  of  all  degrees  of  refrangihilily,  re- 
flect heat  only  of  certain  degrees ;  while  metals,  which  are 
colonred  bodies — that  is,  bodies  which  reflect  light  only  of 
certain  degrees  of  refrangibility — reflect  heat  of  all  degrees. 
Radiant  heal  incident  upon  snbalances  which'  doubly  refract 
Hgfat  is  doubly  refracted ;  and  tbe  emergent  rajs  are  polar- 
ised in  planes  at  right  angles  to  each  other,  as  is  the  case 
iriih  light. 

The  relation  of  radiation  to  absorption  also  holds  good 
with  light  as  with  heat :  with  the  latter  it  hns  been  long 
known  that  the  radiating  power  of  different  snbstances  is  di 
redly  proportional  to  their  absorptive  and  inverse  to  ibeii 
reflective  power ;  or  rather,  that  the  sum  of  the  heat  rodia 
led  and  reflected  is  a  constant  quantity.  So,  as  has  been 
^own  by  Mr.  Balfour  Stewart,  the  absorption  bears  the 
mme  relation  to  radiation  for  heat  as  to  quality  as  well  as 
qoaotity. 

Light  presents  us  with  similar  relfttlons.  Coloured  glass, 
when  heated  so  as  to  be  luminous,  emits  the  same  bght 
which  at  ordinary  temperatures  it  absorbs :  thus  red  glass 
r  radiates  a  greenish  light,  and  green  gloss  a  red 


^B   Theflc 


The  dame  of  substances  containing  sodium  yields  a  yel- 
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low  light  of  sach  purity  tbat  other  oolonm  e:qK)eed  to  it  i^ 
pear  black — a  phenomenon  shown  bj  the  familiar  ezperinieDt 
of  exposing  a  picture  of  bright  colours,  other  than  yeEow,  to 
the  flame  of  spirits  of  wine  with  which  common  salt  is  mixed : 
the  picture  loses  its  colours,  and  appears  to  be  black  and 
white.  When  the  prismatic  spectrum  of  such  a  flame  is  ex* 
amined,  it  is  found  to  exhibit  two  bright  yellow  lines  at  a  cer- 
tain fixed  position.  If  a  source  of  light  be  employed  whidi 
gives  no  lines  in  its  spectrum,  and  this,  being  at  a  hi^er 
temperature,  be  made  to  pass  through  the  sodium  flame,  two 
dark  lines  will  appear  in  the  spectrum  precisely  coincident 
in  position  with  the  yellow  lines  which  were  given  by  the  so- 
dium flame  itself.  The  same  relation  of  absorption  to  radia- 
tion is  therefore  shown  here :  the  substance  absorbs  that 
light  which  it  yields  when  it  is  itself  the  source  of  light. 
The  same  is  true  of  other  substances,  the  spectra  of  which 
exhibit  respectively  lines  of  peculiar  colour  and  position. 
Now,  the  solar  prismatic  spectrum  is  traversed  by  a  great 
number  of  dork  lines ;  and  Kirchofl*  has  deduced  from  con- 
siderations such  as  those  which  I  have  shortly  stated,  that 
these  dark  lines  in  the  solar  spectrum  are  due  to  metals  ex- 
isting in  an  atmosphere  around  the  sun,  which  absorb  the 
light  from  a  central  incandescent  nucleus,  each  metal  absorb- 
ing that  light  which  would  appear  as  a  bright  line  or  lines  in 
its  own  spectrum. 

By  comparing  the  position  of  the  bright  lines  in  the  speo- 
tra  of  metals  with  that  of  the  dark  lines  in  the  solar  speo- 
trum,  several  of  them  are  found  to  be  in  identically  the  same 
place  :  hence  it  is  inferred,  and  the  inference  seems  reason- 
able, that  the  metals  which  show  luminous  lines  in  their  spec- 
tra,  identical  in  position  with  dark  lines  in  the  solar  speo- 
'  trum,  exist  in  the  sun,  and  are  diffused  in  a  gaseous  state  in 
its  atmosphere.  It  does  not  seem  to  me  necessary  to  this 
conclusion  to  assume  that  the  sun  is  a  solid  mass  of  incandes* 
cent  matter :  it  may  well  be  that  what  we  term  the  photo- 
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flpher*  W  Inmiaons  enTelope  of  the  Bun  lias  anrrounding  it  a 
noro  diffuse  atmospliere  coDtaioing  vaporiaed  metulA,  and 
tfaK  Uw  miU0  of  tlie  sua  ilaclf  may  be  in  a  different  Blatc, 
and  not  necessarilj  at  an  tocaadcBceat  temperature  ;  indeed, 
Ae  protobcranccs  and  red  liglit  seen  at  the  period  of  total 
eelipHS  afford  eomH  evidence  of  an  atmosphere  exterior  lo 
tlie  pliotoitphere.  It  would,  however,  be  out  of  place  here  lo 
spectUato  on  these  subjecle :  tha  point  which  concerns  na  is 
tbe  aoalogiee  of  heat  and  light,  which  these  discoveries  illns* 
trate.  Eircboff  hns  carried  the  analogy  farther  by  showing 
thai,  a  plat«  of  tonrmaline  absorbs  the  polarised  raj  which 
'when  heated  it  radiates.  Thus,  the  phenomena  of  light  are 
mutated  doedy  by  those  of  radiant  heat ;  and  the  same  the- 
ory which  is  considered  most  plausibly  to  account  for  the 
phenomena  of  the  one,  will  necessarily  be  applied  to  the  other 
■gient,  and  in  each  case  molecular  change  is  uccompaoled  by 
a  change  in  the  plienomeoal  effects. 

In  certain  ceaes  heat  appears  lo  become  partially  con- 
verted into  liglit,  by  changing  the  mailer  affected  by  heat ; 
thiia  gas  may  be  heated  to  a  very  high  point  without  pro- 
docing  light,  or  producing  it  to  a  very  slight  degree ;  but  the 
introdnctioD  of  solid  matter — for  instance,  the  metal  platinum 
into  the  highly-he«ted  gaa — instantly  eihibits  light.  Whether 
the  heal  is  converted  into  light,  or  whether  it  is  concentrated 
and  increased  in  intensity  by  the  solid  matter  ao  as  to  become 
visible,  may  ho  open  to  some  doubt :  the  fact  of  solid  matter, 
when  ignited  by  the  oxyhydrogen  jot  decomposing  water,  as 
will  be  presently  explained,  would  aecm  to  indicate  that  iho 
he«t  was  rendered  more  intense  by  condensation  in  tbe  solid 
matter,  as  water  is  in  this  case  decomposed  by  a  heated  body, 
wbich  body  has  itself  been  heated  by  the  combining  elements 
of  water.  The  apparent  effect,  however,  of  the  introdncdon 
ot  aolid  incombustible  matter  into  heated  gas,  is  a  conversion 
of  beat  into  light. 

There  is  another  method  by  which  heat  would  probably 
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te  made  to  produce  loniizions  effects,  thongh  I  am  not  aware 
that  the  experiment  has  ever  been  made. 

It  we  concentrate  into  a  focns  bj  a  large  lens  a  dim.  light, 

V?  inoTVjiise  the  intensity  of  the  light.     Now  if  a  heated  bod/ 

Kf  :Ake::L,  which,  to  the  unassisted  eye,  has  just  ceased  to  be 

rv:>-Vf.  i:  9ecm5  probable  that  by  collecting  and  condensing 

>v  A  Wr.5  the  ditiorent  rajs  which  haye  so  ceased  to  be  vuar 

>iM'>.  >^r.:  worid  reappear  at  the  focns.     The  experiment  is, 

inr  T^fsjuor;;  obrioii5  to  those  acquainted  with  optics,  a  difficult 

00^.  Ar>.\.  T<.>  Vf  cor.clu5iye.  should  be  made  on  a  large  scale, 

a:r«.\  "•-::>.  &  vfry  rertVct  lens  of  large  diameter  and  short  ftn 

*'*Q»^     1  >»ATY  o^:;ii:ied  an  approximation  to  the  result  in  the 

fvJ.-'^'.T.c  v.%*r.-.vr: — In  a  dark  room  a  platinum  wire  is 

V-.x.r^".  ;■.-.«  :.'  i":;;^  roi:::  of  visible  ignition  by  a  constant  yol- 

»L^.-   >.*-,-T7  :  ::  i*  the::  viewed,  at  a  short  distance,  throng 

AT  ."v-.-s-i'.A-**  'T:  Vat^v  ai^rmre  applied  to  one  eye,  the  other 

X-  •.;  V. y:   ,-.v-.'.      The  wire  will  be  distinctly  visible  to  that 

^v",-  ■«  >-.y^  Tvc^"?/.*  •:  ::-.roui:h  the  opera-glass,  and  at  the  same 

;;r.v  :,'.*'.>  •.v^-.s:"^l;•  :.^  :he  o:her  and  naked  eve.     It  may  be 

*^■^.■.  '»^*..>.  *,*:v..*  •■.•?:Uv  :r.A:  5uch  experiments  prove  little  more 

t>^*"  :'".•  :>. "   .•.>.-*,'.>•  kr.v^wT..  vir.  that  bv  increasing  the  ixi- 

•...<,.  ^.   ./  *;..<j;   ■-j-y*  :^  xxroihiced :  thev  however  exhibit  this 

c"*\v'  v:  ;*.  ""..^T'.'  <:rlkiv.^  torsn.  as  bearin?  on  the  relations  of 

V  »^*    ^..  ^    *     »^ • 

^^  .'.  r,*r.*-r.'.  :^*  .•"';:—;;>,:**  flf^-siVy  and  magnetism^  perhaps 
••>,*  o-'\  r.- »•:",. s\l  >y  which  iu  Jtrivtness  the  force  of  heat  may 
V  ?^v.i  :o  yrvNv.'.vV  :hcr.i  is  thrvmgh  the  medium  of  electricity, 
i>.o  xVorv.u^-ivV'.ri^Vi  oiinvnt*  pT>i>duced,  as  before  described, 
**^  V.o^i •.:'•?:  vvssi'.v.i'.Ar  '.v.o:a»#,  Ivint:  capable  of  deflecting  the 
v.\K".N*;.  ot*  v.^Acv.otisiv.^  iron,  av.d  exhibiting  the  other  mag- 
*'>"'o  or^'^vis.  Av.v\  a'.sx**  of  fonninir  and  decomposing  chemical 
^'^^"•*'>n:vv.<.  ,«*r.d  '.V.is  i;i  proportion  to  the  progression  of  heat: 
^•■•H  *-*\s  '^o;,  i:v.vS\U  as  yot  boon  proved  to  bear  a  measurable 
^*^*'»'.>ti.\-*u^^x  ivUiiov.  to  the  other  foroes  thus  produced  by  it, 
tssN*xi3H»  *xv  hitio  of  iho  heat  i»  utilised  or  converted  into  eko- 
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trichy,  much  being  dissipated,  without  change,  in  the  form  o{ 
bcAt. 

Heat,  howerer,  dircclly  affects  and  modifies  both  the  man-. 
net  and  chemical  compoiinda ;  the  union  of  certain  chemical 
mbstancea  is  induced  by  heat,  as,  for  inslnnce,  the  formation 
of  WBler  by  the  union  of  oxygen  and  hydrogen  gases:  in 
other  cases  this  union  is  facilitated  by  heat,  and  in  many  in- 
stances, OS  in  ammonia  and  its  salts,  it  is  weakened  or  antag- 
oniaed.  In  many  of  these  cases,  however,  the  force  of  heat 
se«ns  more  a  determining  than  a  producing  influence  ;  yet  to 
be  tliis,  it  must  hare  an  immediate  relation  with  the  force 
whose  reaction  it  determines :  thus,  although  gunpowder, 
toadied  with  an  ignited  wire,  subsequently  carries  on  Its  own 
oombnstion  or  chemical  combination,  independently  of  the 
original  scarce  of  heat,  yet  the  chemical  affinities  of  the  first 
portion  touched  must  be  exalted  by,  aud  at  the  cost  of,  the 
bent  of  the  wire  ;  for  to  disturb  even  an  unstable  equilibrium 
requires  a  force  in  direct  relation  with  those  which  maintain 
eqoilibriiun. 

Since  the  first  edition  of  this  essay  was  published,  I  have 
communicated  to  the  Royal  Society  some  ciperimenis  by 
which  on  important  exception  to  the  general  ctfect  of  heat  on 
chemical  affinity  is  removed,  and  the  results  of  which  induce 
a  hope  that  a  generalised  relation  will  ultimately  be  estab- 
lished  between  heat,  chemical  affinity,  and  physical  attraction. 
I  find  that  if  a  sabstance  capable  of  supporting  an  intense 
heat,  and  incapable  of  being  acted  upon  by  water  or  either 
of  its  elements — i«nch,  for  instance,  as  platinum,  or  iridium — 
be  raised  to  a  high  point  of  ignition  and  then  immersed  in 
water,  babbles  of  permanent  gas  ascend  from  it,  which  on 
examination  are  found  to  consist  of  mixed  oxygen  and  hydro- 
gen in  the  proportions  in  wluch  they  form  water.  The  tem- 
perature at  which  this  is  effected  is,  according  to  Dr.  Robin- 
aoa,  who  has  since  written  a  Taluable  paper  on  the  subject, 
^  S3d6°.    Now,  when  mixed  oxygen  and  hydrogen  ore  ex- 
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posed  to  a  tempentare  of  about  800%  tlwj  eoadnie  andfinm 

water ;  heat  therefore  appears  to  act  differentlj  upon  theaa 
ekments  according  to  its  intenaitj,  in  one  case  prodndng 
compoaitioQ,  in  the  other  decomposition.  No  Barinfafftyry 
means  of  reconciling  this  apparent  anomaly  have  been  pointod 
oat :  the  best  approximation  to  a  theory  which  I  can  firame  is 
by  assoming  that  the  constituent  molecnks  ci  water  are,  be^ 
low  a  certain  temperature,  in  a  state  of  stable  eqoilibTinm ; 
that  the  molecules  of  mixed  or  oxyhjdrogen  gas  are,  abore  a 
certiun  temperature,  also  in  a  state  of  stable  equilibriam,  but 
of  an  opposite  character ;  while  below  this  latter  tempera- 
ture the  molecules  of  mixed  gas  are  in  a  state  of  unstable 
equilibrium,  somewhat  similar  to  that  of  the  fulminates  or 
similar  bodies,  in  which  a  slight  derangement  subverts  the 
nicelv-balanced  forces. 

If,  for  insunee,  we  suppose  four  molecules,  A,  B,  C,  D, 
to  be  in  a  balanced  state  of  equilibrium  between  attracting 
and  repelling  forces,  the  application  of  a  repulsive  force  be* 
tween  B  and  C,  though  it  may  still  farther  separate  B  and  G, 
will  approximate  B  to  A  and  C  to  D,  and  may  bring  them 
respectively  within  the  range  of  attractive  force ;  or,  sup- 
posing  the  repulsive  force  to  be  in  the  centre  of  an  indefinite 
sphere  of  particles,  all  these,  excepting  those  immediately 
acted  on  by  the  force,  will  be  approximated,  and  having  finom 
attraction  assumed  a  state  of  stable  equilibrium,  they  will  re- 
tain this,  because  the  repulsive  force  divided  by  the  mass  is 
not  capable  of  overcoming  it.  But  if  the  repulsive  force  be 
increased  in  quantity  and  of  sufficient  intensity,  then  the  at- 
tractive force  of  all  the  molecules  may  be  overcome,  and'  de- 
composition ensue.  Thus,  water  or  steam  below  a  certain 
temperature,  and  mixed  gas  above  a  certain  temperature, 
may  be  supposed  to  be  in  a  state  of  stable  equilibrium,  whilst 
below  this  limiting  temperature,  the  equilibrium  of  ozyhy- 
drogen  gas  is  unstable. 

This,  it  must  be  confessed,  is  but  a  crude  mode  of  explain* 
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ii^  the  pbenomeDs,  snd  requires  the  assnmpUon,  that  tli* 
particles  of  fi  gas  exercise  an  ullraclion  Ibr  each  other  aa  do 
this  panicles  of  a  solid,  though  difiercut  ill  degree,  perhaps  in 
kind.  Whether  this  be  so  or  not,  there  can  he  no  doubt  that 
both  gaees  and  solids  expand  or  contract  according  lo  the  in- 
rvrw  contraction  or  expanaioa  of  other  neighbouring  bodies, 
twd  so  far  resemble  each  other  in  their  relations  to  heat  and 
cold.  The  extent  to  which  such  expansion  or  contraction 
can  be  carried,  seems  to  be  limited  only  by  the  correlatire 
stale  of  other  bodies;  these  again,  by  others,  and  so  on,  as 
fkr  as  we  may  judge,  throughout  tho  universe. 

Adopting  the  explanation  above  given  of  the  decompoei- 
tioD  of  water  by  heat,  heat  would  have  the  same  relation  to 
tibemical  affinity  as  it  has  to  physical  attraction  ;  it^  ijnmo- 
diaM  tendency  is  antagonistic  to  both,  and  it  is  only  by  a  eec- 
ondajy  action  that  chemical  alQnity  is  apparently  promoted 
by  heat.  This  viaw  wovdd  explain  how  heat  may  promote 
changes  of  the  eqoilibriom  of  chemical  affinity  among  mixed 
compound  sttbatances,  by  decomposing  certain  compounda  and 
separating  elementary  constituents  whose  affinity  is  greater, 
when  they  are  brought  within  the  sphere  of  attraction  ibr  the 
subotauce  with  which  they  are  mixed,  than  for  those  with 
which  they  were  originally  chemically  united ;  thus  an  intense 
beat  being  applied  to  a  mixture  o^  chlorine  and  the  vapour 
'  of  water,  occasions  the  production  of  muriatic  acid,  libera* 
ting  oxygen. 

Carrying  out  thia  view,  it  would  appear  that  a  sufficient 
intensity  of  heat  might  yield  indefinite  powers  of  decomposi- 
tion; mid  there  seems  some  probability  of  bodies  now  sap- 
poaed  lo  be  clemeutary,  being  decomposed  or  resolved  into 
further  elements  by  the  application  of  heat  of  sufiicient  inten- 
flily  ;  or,  reasoning  conversely,  it  may  fairly  bo  anticipated 
that  bodies,  which  will  not  enter  into  combination  at  a  certain 
temperature,  will  enter  into  combination  if  their  temperature 
bo  loirered,  ai^d  that  thus  new  compounds  may  be  formed  by 


Svw,  ia  Ike  above  case,  if  Ae  air  b«  coofiaed  md  Ito 

llMI  il  »■■  Ihi  ■riliK  i1.  piiifai  I  an  exMtfy cqnTvkat  mecfauf 
ieri  efta  to  iht  wteh  the  ct]M[Bmob  of  tbt  air  woold  pn> 
dOM  if  Ihe  bMt  be  eadral;  eoo&ed  to  it? 

AMnaaag  llni  (with  the  exception  of  bodies  wfaici)  cz-      . 
pM)d  m  frHZtng,  where,  throng  &  limited  ran^  of  teinpenp 
tare,  the  eoaverae  eSects  obtala)  whenever  a  body  ia  com- 

m        ptmaf\A  it  U  healed,  i.  c.  it  expands  neighbonring  eubetacces ; 

H      wbeMver  il  b  dUalad  or  increased  in  rolnme  it  is  cooled,  L  e. 


Dei^ibonriiig  rabEtances — the  conclusion  ap- 
e  inevitable  tliat  the  mechanical  power  produced 
by  heat  will  be  dcBnJtc,  or  ihe  same  for  a  given  amount  and 
inleosilj  of  heat,  whatever  be  the  subataitce  acted  on. 

Thus,  let  A  be  a  definite  source  of  hcot,  say  a  pound  of 
mercnry  at  the  temperature  of  400°  ;  let  B  be  anotljer  equal 
and  eimilar  Bource  of  beat :  suppose  A  be  employed  to  raise 
k  piston  by  the  dilatation  of  air,  and  B  to  raise  another  pia- 
II  by  the  dihiLutioa  of  the  vapour  of  water.  Imaging  the 
I  attached  to  a  beam,  so  Uiat  llicy  oppose  each  other's 
I,  and  lliiis  represent  a  sort  of  calorific  balance.  If  A 
being  applied  to  air  could  conquer  B,  which  ia  applied  to 
water,  it  would  depress  or  throw  back  the  piston  of  tho  latter, 
and,  by  compressing  the  vapour,  occasion  an  increase  of 
temperature;  this,  in  its  turn,  would  raise  the  lomperature 
of  the  source  of  hoat.  so  that  we  should  have  the  anomaly 
tliat  a  pound  of  mercury  at  400'  could  heat  another  pound 
of  mercury  at  400'  to  401'',  or  to  some  point  higher  than  its 
origiBal  temperature,  and  this  without  any  adventitious  aid: 
it  will  be  obvious  that  tliis  is  impossible,  at  least  contradic- 
tory to  the  whole  range  of  our  experience. 

The  above  experiment  is  ideal,  and  stated  for  the  object 
of  giving  a  iftorc  precise  form  to  the  reasoning ;  to  bring  the 
idea  more  prominently  into  rehef,  all  statements  as  to  quan- 
tities, specific  heats,  &c.,  so  as  to  yield  comparative  results 
for  given  materials,  are  omitted.  The  argimient  may  he 
thus  stated  in  another  form,  viz.  that  by  no  mechanical  appU< 
ance  or  difiference  of  material  acted  on  can  a  given  source 
of  beat  be  made  to  produce  more  heat  than  it  originally 
possessed  ;  and  that,  if  all  be  converted  into  mechanical 
power,  an  oscess  cannot  be  supposed,  for  ihat  could  be  con- 
verted into  a  surplus  of  hent,  and  be  a  creation  of  force  ;  and 
a  deficit  cannot  be  supposed,  for  that  w^ould  be  annihilation 
offeree.  I  cannot,  however,  see  how  the  theoretical  concep- 
tion could  be  verified  by  experimenl ;  the  enormous  weights 
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antl  the  complex  mechamcal  contrivances  requisite  to  ^re 

ti'o  mo;u*urc  of  power  yielded  bv  matter  in  its  le^s  dilatable 

:l»-.v.*,  would  be  far  beyond  our  present  experimental  re- 

";-/tw.    It  would  also  be  difficult  to  prevent  the  interference   • 

"'  :v.  >Icottlar  attractions,  inertia,  &c.,  the  overcoming  of 

^'.VA'h  expends  a  rar:  ::'  ibe  mechanical  power  generated 

■;  ;:  which  crili:   iiL-il-'  ':«  ri^de  to  appear  in  the  result. 

^Ve  i-ould  n  :.  y:r   iisikiif-.  7  r&rically  realise  the  above  con- 

^vption  by  tlr  .-  iisrn-rrii  :,:  &  -achine  which  should  act  by 

tlie  expansion  i.r  :  ;•  irr-i-iic  ::  a  bar  of  iron,  and  produce  a 

power  equal  t  •  :L:.:    :'  1  *:-  tzi  i  zjine.  supplied  with  an  equal 

quantity  of  heat. 

Carnot,  who  \\ti«:o  :r.  *>;i  i::  c5>ay  on  the  motive  power 
I't"  hfrtt,  rcgardiMl  the  nv.  ::.i:*:..:\«/.  r-: wor  produced  by  heat  as 
•\-<ultinir  fn)ni  a  transfor  •::'  :.-.i:  fr.r-i  one  point  to  another, 
n-.'viit  any  ultimate  los*  o:' :.:,\:.  Th-^«.  in  the  action  of  an 
,' ^--.-.iry  stoani  enpno,  the  hcai  rV.ni  the  furnace  havino-  ex- 
v-sVn?   iho   wnter  of  the   boiler   ar.d   raised   the  piston,  a 

>  riortl  uuMion  is  produced  :  but  this  cannot  be  continued 
*;v  •/.;»*  Tvmoval  of  the  heat,  or  the  contraction  of  the  ex- 
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This  is  done  by  the  condenser,  and  the  piston 
Iv.it  thou  we  have  apparently  transferred  the  heat 
■.■.T.:uv  to  the  Cinidensor,  and  in  the  transfer  effected 


vs      ■   .":,* -.rrr^rt'-vioal  motion  produced  by  heat  be  con- 

» .    . .   \-  »-'*V.-.  ot'rt  simple  transference  of  heat  from  one 

.     .       .  ,  V  AS  \]w  result  of  a  conversion  of  heat  into 

,,        V,- ,^fwluoh  this  motion  is  the  result?    This 

.    V    -    ',-..'*. ^«  i'.ic::  doe?  the  heat  which  generates 

V-.--  -vi;;r.*.  to  iho  thermal  madiine  as  heat, 

.,  V^  Ju- work  porformed? 

;^  ,•;■  air  Iv  heated  it  is  expanded,  and 

,'  \  .^  r:  losrs  some  of  its  power  of  com- 

.  .iMvr.rir.i:  Kvlios.     That  which  we 

^.  *x   Kv»<  \i  the  c\}>wision  of  the  air  had  been 
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prevented,  we  call  mechanical  effect,  or  idb^  view  as  converted 
into  mecbaniail  effect  ceasing  to  be  heal ;  but,  throning  oat 
of  the  qaestiOD  Q^irona  ecn&atioo,  this  eipansion  or  tnecham- 
Cttl  effect  is  aU  iJie  evidence  we  have  of  heat,  for  if  the  air  is 
allowed  to  expand  freelv,  this  expansion  becomes  the  index 
of  tlie  heat ;  if  the  air  be  confined,  the  expansion  of  the 
DOMlter  of  the  veSBcl  confining  it,  or  of  the  mercury  of  a  ther- 
mometer in  ooDtact  with  it,  &c.,  are  the  indices  of  tlie  Lcat. 

If,  again,  the  air  which  hoe  been  expanded  be,  by  mechani- 
cal presmire  or  by  other  means,  restored  to  it«  original  bulk, 
it  is  capable  of  heating  or  expanding  other  substances  to  a 
degree  to  which  it  would  nut  be  eqnal,  if  it  had  remained  in 
ita  expanded  stale.  To  produce  contiaaous  motion,  or  the 
1^  and  down  stroke  of  a  piston,  we  must  heat  and  cool,  jogt 
as  with  a  ma^elic  maeliine  wc  must  magnetise  and  dcmagne- 
tiM  in  order  to  produce  a  continuous  mechanical  effect ;  and 
allltougfa,  from  the  impossibilily  of  insulating  iieat,  some  heat 
ifl  ^iiiarently  lost  in  the  process,  the  result  may  be  said  (o  be 
eff»CI«d  by  the  transfer  of  heat  from  Iho  hot  to  the  cold  body, 
firom  the  furnace  to  the  condenser.  But  we  may  equally  well 
aay^  that  the  heat  has  been  converted  into  mechanical  force, 
and  the  mechanical  force  back  into  heat ;  the  effects  are 
always  correlative,  as  arc  the  mechanical  effects  of  an  air 
pmnp,  with  which,  as  we  dilate  the  air  on  one  side,  we  con 
dense  it  on  the  other ;  and  as  wc  cannot  dilate  without  the 
reciprocal  condensation,  so  we  cannot  heat  without  the  recip- 
■liffDcal  cooling,  or  vice  vcrsi. 

HiUierto  the  resistances  of  the  piston  or  of  any  superim- 
reigiit  hove  been  thrown  out  of  consideration,  or,  what 
a  to  the  same  thing,  it  has  been  assumed  that  the 
wdght  raised  by  the  piston  has  descended  with  it.  The  heat 
has  not  merely  been  employed  in  dilating  the  air  or  vapour, 
bol  in  raising  the  piston  with  its  weight.  If,  as  the  vapour 
ia  cooled,  the  weight  be  permitted  to  descend,  its  mechanical 
hroo  raatores  the  heat  lost  by  the  dilatation  ;  but  in  this  case 
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no  part  of  the  power  can  be  abstracted  so  as  to  be  enq[ilQj«d 
for  any  practical  purpose :  this  question  then  foDows,  what 
takes  place  with  regard  to  the  initial  heat,  if,  after  the  ascent 
of  the  piston,  the  weight  be  removed  so  as  not  to  help  the  pis* 
ton  in  its  descent,  but  to  fall  upon  a  lever  or  produce  some 
axtraneous  mechanical  effect? 

To  answer  this  question,  let  us  suppose  a  weight  to  rest 
on  a  piston  which  confines  air  at  a  definite  temperature,  saj 
for  example  50^,  in  a  cylinder,  the  whole  being  juumm^ 
to  be  absolutely  non-conducting  for  heat.  A  part  of  the  heat 
of  this  confined  air  will  be  due  to  the  pressure,  since,  as 
we  have  seen,  compression  of  an  elastic  fluid  produces 
heat. 

Suppose,  now,  the  confined  air  to  be  heated  to  70°,  the 
piston  with  its  superincumbent  weight  will  ascend,  and  the 
temperature,  in  consequence  of  the  dilatation  of  the  air,  will 
be  somewhat  lowered,  say  to  69°  (we  will  assume,  for  the 
sake  of  simplicity,  that  the  heat  engendered  by  the  friction  of 
the  piston  compensates  the  force  lost  by  friction). 

The  piston  having  reached  its  maximum  of  elevation,  let 
&  cold  body  or  condenser  take  away  20^  from  the  temperature 
of  the  confined  air ;  the  piston  will  now  descend,  and  by  tha 
compression  which  the  weight  on  it  produces,  will  restore  the 
1°  lost  by  dilatation,  and  when  the  piston  reaches  its  original 
position  the  temperature  of  the  air  will  bo  restored  to  50°, 
Suppose  tliis  experiment  repeated  up  to  the  rise  of  the  piston ; 
but  when  the  piston  is  at  its  full  elevation,  and  the  cold  body 
applied,  let  the  weight  be  removed,  so  as  drop  upon  a  wheel, 
or  to  be  used  for  other  mechanical  purposes.  The  descend- 
ing piston  will  not  now  reach  its  original  point  without  more 
heat  being  abstracted ;  in  consequence  of  the  removal  of  the 
weight,  there  will  not  be  the  same  force  to  restore  the  1°,  and 
the  temperature  will  be  49°,  or  some  fraction  short  of  the 
original  50'^.  J£  this  were  otherwise,  then,  as  the  weight  in 
falling  may  be  made  to  produce  heat  by  friction,  we  ihoQld 


e  mora  beat  thao  at  first,  or  a  creation  of  heat  out  of  notb- 

— 'in  other  words,  perpetual  motion. 

Let  OS  now  assume  lliat  thia  20'  supplied  in  the  first  in- 
Btance  was  yielded  bj*  a  body  at  90\  of  such  size  and  material 
that  ii3  total  capacity  tor  heal  is  equal  to  that  of  the  mass  of 
oanfined  air  :  tlils  body  wonld  be  reduced  in  temperature  to 
70^,  ia  other  words,  our  furnace  would  have  lost  20°  of  lieat. 
Let  the  cold  body  of  the  some  size  and  material,  used  as  a 
condoiser,  he  at  30°.  In  the  first  experiment,  the  body  at 
80°  would  bring  back  the  piston  to  its  ori^nal  point;  but  in 
the  second  experiment,  or  that  where  the  weight  has  been 
removed,  the  body  at  30°  would  not  sufBce  to  restore  the  pis- 
ton :  to  effect  this,  the  cold  body  or  condenser  must  be  at  a 
r  temperature. 

I  The  question  in  Camot's  tlieory,  which  ia  not  eiperi- 
f  reaolved,  and  which  presents  extreme  experimental 
,  is  the  following:  Granted  that  a  piston  with  a 
niperimposed  weight  be  raised  by  the  thermic  expansion  of 
confined  gas  or  vapour  below  it ;  if  the  elastic  medium  be 
restored  to  its  original  temperature  by  cooling,  the  weight  in 
depressing  the  piston  will  restore  that  portion  of  the  heat 
which  has  been  lost  by  the  expansion,  and  by  the  mechanical 
effect  consequent  thereon  ;  but  if  the  weight  be  removed  when 
■I  its  maximum  of  elevation,  and  the  piston  be  brought  back 
to  iU  Railing  point  by  a  necessarily  cooler  body  than  could 
restore  it  if  the  weight  were  not  removed,  would  the  return  of 
lli0  piston  now  restore  the  heat  wiiich  had  been  lost  by  the 
dictation,  or,  in  other  words,  would  pulling  the  piston  down 
liy  eeld  restore  the  heat  equally  with  the  pressing  it  down  by 
meefaaiucal  force?  The  argument  from  the  impossibility  of 
perpetoal  motion  would  say  no,  for  if  all  the  heat  were 
resttnvd,  the  mechanical  effect  produced  by  the  full  of  the 
weight,  or  the  healing  effect  which  might  be  mode  to 
residt    irom  this   mechanical    power,    would  be    got   from 
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nal  force  to  unM  it,  but  mokij  by  the  colder  body,  gire  Ul 
thii  latter  the  nine  nmnber  of  themioiiietric  degrees  u  had 
be«n  lost  bj  tbe  hot  body  in  the  first  instance?  Soppose,  for 
instance,  the  cold  bodr  in  oar  experiment  to  be  at  20°  fnirtra^ 
of  30°,  would  this  bodv  gain  20^,  and  then  reach  the  tempera- 
ture of  40°  when  the  piston  is  brought  back,  or  would  iti 
temperature  be  higher  or  lower  than  40^?  The  argument 
frcMB  the  impoBsitnlity  of  perpetoal  ntotion  does  not  appl^ 
here,  for  it  does  not  necessarily  follow  that  20',  on  the  ther- 
mometric  scale  from  20"  to  40°,  represents  an  equal  amoonl 
of  force  to  20°  on  the  scale  irom  70"  to  90°,"ttnd  therefore  it 
is  qnite  coDceivable  that  we  may  lose  20°  &Dm  the  fiu^ace, 
and  gain  20°  in  the  condenser,  and  yet  have  obtained  a  eer* 
tain  amount  of  derired  mechanical  power.  It  will  also  follow, 
npon  B  consideration  of  the  above  imaginary  experiments, 
that  the  greater  the  mechanical  power  required,  the  greater 
should  be  the  difference  between  the  lemperaiure  of  ths 
fomace  and  that  of  tbe  condenser  ;  but  the  exact  relation  in 
temperature  between  these,  for  a  given  mechanical  effect,  has 
not,  as  far  aa  I  am  aware,  been  satisfactorily  established  by 
experiment,  though  it  has  been  shown  that  eteam  at  U^ 
pressure  produces,  comparatively,  a  greater  mechanical 
effect  for  the  same  number  of  degrees  than  steam  at  low 
pressure. 

Camot,  assuming  the  number  of  degrees  of  tempcratora 
to  bo  restored,  but  at  a  lower  point  of  the  thermomelric  scale, 
termed  this  tbe  fall  (chute)  of  caloric.  The  mechanical  effect 
of  heat,  on  this  ricw,  may  be  likened  to  that  of  a  series  of 
cascades  on  water-wheeb.  The  highest  cascade  turns  a 
wheel,  and  produces  a  given  mechanical  effect ;  tiie  water 
which  has  produced  this  cannot  again  effect  it  at  the  aam« 
lov«1  without  being  carried  back  to  its  original  elevation,  i.  o. 


^ritbont  »a  extra  force  being  emplojed  equivalent  to,  or 
mImf  ft  fraction  more  Ihui  Ike  force  of  the  descending 
wM«r ;  bol  Ihougii  ils  poorer  is  spent  with  reference  to  the 
flrW  wheel,  the  E&me  water  may,  by  falling  over  a  new 
pracipice  upon  a  Mcond  wheel,  again  reproduce  the  same 
rt  ((rtriclly  speaking,  rather  more,  for  it  has 
I  the  centre  of  gravity),  and  so  on,  until  no 
kmrer  tall  can  be  attained.  So  with  heat :  it  involves  no 
aeceuitjr  of  asBoming  perpetual  motion  to  suppose  thai,  after 
•  giveo  mechanical  effect,  produced  by  a  certain  loss  of  heat, 
(ha  number  of  degrees  lost  irom  the  original  temperature 
nAf  be  restored  to  the  condenser,  but  at  a  lower  point  of  the 
flwimuuietric  scale. 

If  work  has  been  done,  i,  e.  if  force  has  been  parteJ 
williT  the  original  temperature  itself  cannot  he  restored,  but 
there  ia  no  (i  priori  impoBBibility  in  the  same  number  of 
degrees  of  heat  as  have  beon  converted  into  work  being  con- 
veyed to  a  oondcDsing  body  so  cold  that,  when  it  receives  this 
beat,  it  will  still  be  below  the  origiaal  temperature  to  which 
the  work-producing  heat  was  added. 

In  the  theory  of  the  steam-engine,  this  subject  possesses 
a  great  practical  interest.  Watt  supposed  that  a  given 
weight  of  water  required  the  same  quantity  of  what  ia 
termed  total  beat  (that  is,  the  sensible  added  to  the  latent 
beat)  to  keep  it  in  the  stale  of  vapour,  whatever  was  the 
preeaare  to  which  it  was  subjected,  and,  consequently,  bow- 
ever  its  espauaive  force  varied.  Clement  Desomnes  was 
olao  snppoeed  to  have  experimentoUy  verified  this  law.  If 
this  were  so,  vapour  raising  a  piston  with  a  weight  attached 
woold  produce  mechanical  power;  and  yet,  the  some  boat 
existing  as  at  first,  there  woold  he  uo  expenditure  of  the 
initial  force  jand  if  we  suppose  that  the  heat  in  the  condens- 
er was  the  real  representative  of  the  original  heat,  we 
thoold  gel  perpetual  motion.  Southern  supposed  that  the 
loUU  heat  was  constant,  and  that  the  heat  of  vapour  under 
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yrnwrnrr  nrnvasod  as  tlie  sensible  heat.  M.  Desprets,  si 
1Sft£.  miulr  Mime  c.xperixnents*  whidb  led  him  to  the  emi- 
oloAini)  thiit  thr  inrrcase  was  not  in  the  same  ratio  as  the 
M^iMihli-  hcAU  but  that  vet  there  was  an  increase ;  a  result 
ivuiArnm'.  and  vrrified  with  great  aecoracj  by  M.  Begnanh, 
ir  iuvtw  rt^rrni  and  elaborate  researches.  What  seems  to 
lwi^-r  «x-viuiionrd  ihr  error  in  Watt  and  Clement  Desonnes" 
«.\nnriniiui:^  was.  thr  idea  involved  in  the  term  latent  heat ; 
V  wiiK^it,  ;«imposin^  thr  phenomenon  of  the  disappearance  td 
«Ai««;)\W  Ucui  10  be  due  to  the  absorption  of  a  material  soIh 
^Mfe»A.>\  ;hui  sultstance..  *  calorie/  was  thongfat  to  be  restored 
^  Km  ihr  \  A^onr  wb5  eondcnscd  br  water,  even  thon^  the 
««.^*,i  \«  »u>  \u\i  suit  jo 01  ed  to  prcssore  :  but  to  estimate  the 
«.x%«  Ki^Mi  .i:'  ^Aitour  under  pressure  the  vapour  shonldbe 
.\\i«.i.Mi^^«:  «  i.tic  Mibteoted  to  the  same  pressore  as  that  under 

*^i  ^o    M    4>  a.**' IK- rilled,  as  wa*  done  in  M.  Despretz  and  M. 

i 

V   N,  ^ :  1 .  1  >.^i>.  controverted  the  position  that  derived 

^  *^s.   ,\»..».  :v  i*,^i  Vv  tiic  mere  transfer  of  heat,  and  by 

.w-K«^.:ta.«.v.   .-\\.:.  ,v"iA:r.  known  data,  such  as  the  law  of  Msr- 

v^.a..  \ . .   .?.«.,  .!«,•  r)AS£j%"'  force  of  pa^es  and  vapours  increas- 

V.  ^:\>,v '«  ««  .}  Jk*  :^Tv^un^ :  and  assimiing  that  for  vapour 

V.  -..^ ,..     ,v     fc...,:  ,.v     ^w/tiiTrado,  each  degree  of  elevation 

«    K...^s    ..  V  \  «a»>  1.T*,v^.30c^i  bv  a  thermal  unit,  he  deduced 

*v   .  ,^  .  ^^,  ..   ,v    ..v*,''^.*.v.^."•A^:  ^\>rk  capable  of  being perfbim- 

V    «•    •  «  \s.    .'.v.tv...v.  I  .V.  ^i^s :    and  thus  concluded  that, 

hS.  ..nsj..^  «  ..vv^.. v>.  JKl^.^..)   o'.v   irranune  of  water  losing 

%*^     \.^.\.  ,v  .  .►.  A.t.  *,>;*. >,l  \v>x^.uco  a  force  capable  of  rais- 

■v  •  ^**  J. »    •'    '^.v^  s^.v./.x^  i>.T\>\^i*i  a  space  of  one  m^tre; 

-3^>  ..  ..*^.  ^    .-  .  "    «.  N  x-.v>,*.  .\%i  ci^en  bv  the  converse  ex- 

X.  >v *   -.     V  .    .\  .V    jt^vjfc-N  MAUsi.  in  which  the  heat 

^>sVs\     v«   •  .-^N     •..vss../i  .V  v.^cc^haiiscal  action  is  estimat- 
^.         «..  ...   .^^...v  .Nki   4K'  ikv:s^;Ir:1  of  mechanical  work 

.:^^^  *  ..\v.v.,s  -  :*  •  vt\vi  ^a^i-iusy  v\i  h*at  has  been  di- 
^^  ,^.e«i>J^^*^'  "^  iM»M«  t^Mi^  some  ai^uozimalive 


.'Dsalu  in  particular  cases  have  been  given.  Theorelicallj  it 
ftbould  be  the  same — that  is  to  say,  if  a  fall  of  772  lbs. 
Uuvngb  a  apace  of  one  foot  will  rabc  the  temperature  of  1  lb. 
of  water  through  one  degree  of  Fahrenheit,  then  the  fall  ia 
tlw  temperature  of  1  lb.  of  water  through  oue  dep'co  of  Fah- 
renlteit  ehould  be  able  to  raise  772  lbs.  through  a  space  of 
one  foot.  The  calcutationa  of  M.  Scgniu  are  DOt  far'  from 
this,  but  gince  the  elaborate  experiments  of  M.  Beguaolt  he 
baa  expreaeed  some  doubt  of  the  correctncsa  of  his  former 
eatamate,  as  by  these  experiments  it  appears  (hat,  within  cer- 
tain limits,  for  elevating  the  temperature  of  compressed  tbi- 
poyr  by  one  degree,  no  more  tbao  about  three-tealha  of  a  de- 
gree of  total  heat  is  required ;  conHequcutlj,  the  equivalent 
mulliplied  in  this  ratiu  would  be  1,666  grammes,  instead  of 
500.  Other  investigators  hare  given  uumbera  more  or  lesa 
discordant ;  so  that,  without  giving  any  opinion  on  their  dif- 
ferent results,  this  quesliou  maj  be  considered  at  present  far 
Srom  settled.  M.  Regnault  himself  dues  not  give  ^e  law  by 
which  the  ratio  of  heat  varies  with  reference  to  the  pressure, 
wtd  is  still  believed  to  be  engaged  in  researches  on  the  sub- 
jects-one involving  questions  of  which  experiments  on  the 
mechanical  effects  of  elastic  fluids  seem  to  offer  the  most  pro- 
mising means  of  solution. 

1  have  eodeovoured  to  give  a  proof  (by  showing  the 
aaomaly  to  which  tlic  contrary  conclusion  would  lead)  that, 
whatever  amotmt  of  mechanical  power  is  produced  by  one 
mode  of  application  of  beat,  the  same  should,  in  theory,  be 
equally  produced  by  ony  oihcr  mode.  Bnt  in  practice  the 
difference  is  inunense  i  and  therefore  it  becomes  a  question 
of  great  interest  practically  to  ascertain  what  is  the  most 
convenient  medium  on  which  to  apply  the  heat  employed,  and 
the  best  machinery  for  economising  it.  One  great  problem 
to  be  solved  ia  the  saving  of  the  heat  which  the  steana  iu  or- 
dinary engines,  ailer  having  done  its  woH(,  carries  into  the 
in  the  high-pressure  engine,  into  the  air.     It 


IS 

V  fod  winmiimiil  to  nuM 
■I  wiudi  itB  eiicieDcys  a  moCm 
After  kbasdooe  a  anaD  portion  of  woil^ 
a  TeiT  lurgt  portKA  of  the  heat  ori- 
lo  iu  Toa  rejed  it,  and  have  to  start 
a  fiwk  pcrdcn  of  tteam  idiidi  has  siiiiilaity  es- 
ccber  words.  Toa  Arow  awaj  all,  and  more 
iH  1^  heax  which  has  hecn  employed  in  raising  the 
«»  ^  VcciSi^  poisiL.  Vaiioas  plans  have  heen  doTised 
Fsear  aeain  die  wann  water  of  the  eonden- 
aar  n^  m^  ^  IvA^r  recams  a  part,  hot  a  toij  anaD  part,  of 
^2be  hcaL  Ea^fejissr  the  sieam  first  for  a  hig^  prassore,  and 
ih<a  Mere  ks  ;« jccsmb  or  coodensstion  nsing  it  for  a  low 
CT^Eader.  is  a  secmd  mod^ :  a  third  is  to  nse  the 
jL^r  if  has  done  its  wrvk  on  the  |HSton,  as  a  source  of 
bS  vY  jiM\>cd  rircace*  to  boil  ether,  or  some  fiqaid  whidi 
ev;ftf<>irate5  a:  a  k>wer  temperatore  than  water.  These  plans 
h*vy  <^nar:i  aiivmsaises :  bm  the  oomplexitr  <^  a|^>aratos, 
lh<  «us.^r  nv>m  combasdoti  of  ether,  and  other  reasons, 
ha^v  Vi;benc  predoded  their  general  ademption.  Under  the 
ftrmut  tv^aeradnjC  en^iine  Tarkxis  ingenioQS  combinations 
V*^^  )ei«cN'  Se^a  mjj^estcd,  and  some  expeiimental  eiigxnes 
ir^^  wt^  what  ^Qict^je  it  is  perhaps  too  earlj  at  present  to 
^'CK^^tttvv  asL  CMBXCHBU  The  fundamental  notion  on  whidi 
t{^  c^M«  o<  e:;^W'  »  based  is  that  the  Tapoor  or  air,  when 
A  ^*:ik  ycrt^wyiei  a  certain  amoont  of  work,  as  bj  raising  a 
yyMv.>M.  ^h^HiU.  u»(«<ad  of  being  condensed  cir  Uown  off,  be 
kvi4M;\KH>l  a«Kl  ;i^raia  healed  to  its  original  high  tenqMratore, 
dUksl  th«^tt  umh)  ^  <KHv:  or  that  it  should  impart  its  heat  to 
»suii»  %vlh<^r  »uhsiano^«  and  the  latter  in  tarn  impart  it  to  the 
tV^^«h  vapour  about  to  act.  The  latter  plan  has  been  proposed 
b>  Mr.  Kric«K»n:  he  passes  the  air  which  has  done  its 
w\urk  through  levers  of  wire  gauze«  which  are  heated  by  the 
v«VKH^U  air,  and  through  which  the  next  charge  of  air  is 
umU^  Io  imss.    M.  Segnin  and  Mr.  Siemens  hxw  ooostmot- 


ad  mMdiiues  upon  the  former  principle,  which  are  eatd  to 
bkve  giren  good  experimental  results.  There  is,  however, 
«  theoretical  difficulLj  in  all  these,  not  affecting  their  capabil- 
ity of  acting,  but  afiecting  the  question  of  economy,  which  it 
does  not  eecm  easy  lo  escape  from.  Whether  the  lieated  aii 
or  Yapooi  be  retained,  or  whether  it  yield  its  beat  to  a  metal- 
lic or  other  substance,  this  heat  must  exorciee  its  usual  repul- 
Nve  force,  and  this  must  re^ct  either  against  iho  returning 
piston  or  against  the  incoming  vapour,  and  require  a  greater 
pressBTB  in  that  to  neutralise  it.  Vapour  raising  a  piston  and 
producing  mechanical  force  effects  this  with  decreasing  power 
in  proportion  as  the  piston  is  moved.  At  a  certain  point  the 
piston  is  arrested,  or  the  stroke,  as  it  is  termed,  is  completed, 
but  there  is  still  compressed  vapour  in  the  cylinder  capable 
of  doing  work,  but  so  little  that  it  is,  and  must  in  practice 
be  neglected  ;  if  this  compressed  vapour  be  retained,  the  pis- 
ton cannot  bo  depressed  without  an  extra  force  capable  of 
over  coming  the  resistance  of  this,  bo  to  speak,  Bemi-compress- 
ed  vapour,  in  addition  to  that  which  is  requisite  to  produce  tlte 
normal  work  of  the  macliine  ;  and  in  whatever  way  the  reei- 
dnal  force  be  retained,  it  must  either  be  antagonised  at  a  loss 
of  power  for  the  initial  force,  or  at  most  can  only  yield  the 
more  feeble  power  which  it  would  hare  originally  given  if  it 
bad  been  allowed  to  act  for  a  longer  stroke  on  the  piston.  It 
may  be  that  a  portion  of  this  residual  force  may  he  econo- 
mised ;  indeed,  this  is  done  when  the  boiler  is  charged  with 
warm  water  from  the  condenser,  instead  of  with  cold  water  ; 
bat  some,  indeed  a  notable  loss,  seems  inevitable. 

Without  farther  discussing  the  varions  inventions  and  the- 
ories on  this  subject,  which  are  daily  receiving  increased  de- 
velopmeut,  it  may  be  well  to  point  out  how  far  nature  dis- 
laaces  art  in  its  present  state.  According  to  some  careful  es. 
titnctes,  the  most  economical  of  our  turnaces  consume  Irom 
tea  to  twenty  times  as  much  fuel  to  produce  the  same  quantity 
of  beat  Ba  an  animal  produces  ;    and  Matteucci  found  that. 


snMdaoMftl  «fities  ccvUbe  prodand  by  makiBg  it  Mi 
flt  ?^  xaite  n:  «  TVieeadT^^ilfed  frog,  ootwiUifltaiidiiig  th» 
3Di(xm«-M£  orifK»  it  mc^  ui  azTUKsaneoi  and  its  mSmantf 
%t  air  accuiL  nf  ^^  friiic  ■nrmal  ikan  irlmi  liie  Mone  bsU 

74"  jrodDcir  inrffcMJPil  power,  by  acting  on  an 
lifieBiliBOlarappaiataB.  llieimtio 
at  ^»  ^3aigriBUR3i»  ^raf  naasfrr  aixtocDe.  Tlmsiiialloaraitii^ 
^m^  ^viiHVmifcfi.T»  ««  ok£  bas  tsppkr  aatmal  fooes,  and  with 
»r  satntr  »K^axJaa  k^  diat  wbidb  is  peroqitflilB  in  tba 


y^;:xr»  3$  3&^  "r^fscr  by  no  mesn ; 

^£S  Tjjx.-^  3Zik^»  ^iAS  au&:  so  o*er  that  art^ 
^^^i  :r\:>i.  si^  ji£^  ti^  Tngr.*^^  is  an  art 


A  <ce^-TSLi&bcc  *^;a5  ^<<c  ihiwa  ont  br  Mr.  Thampaenf 
ibas«  A»  a  vvrgL'.i  asxxsss  cc"  b^as  nenhs  from  mechanical  an^ 
ik>c«  csiersSdl  aiirc».>c«  ^ir^  aad  ihi»  beat  b  radiated  into  apacs, 
c^rv  SS.5C  Yv  *  fradcaJ  o^aij^moa  of  lemperatore  for  Iba 
«arth«  Vr  vhk-fii  ^x^sdinu^.  bowe^Yr  riow,  being  conftfanioiiB, 
iz  wv.>ajki  i:hinu:eiT  b^  «^Mec  lo  a  degree  incompatible  with 
tbe  existe2^^*  o£  jt-*i**afcl  aad  Tei?euble  life— in  sbort,  thai  the 
eazth  aad  tbe  pla^ec;^  ix"  oclt  system  are  paiting  with  nxna 
bea:  t>^*^  tbey  r^cvive^  azsd  an^  tberefture  progreasiTal^  coid* 
ing.  G^^fegk-al  rv:»arcbe<  sapp<»t  to  some  extent  this  Tie w, 
as  tbej  ^bow  tbai  me  dimase  c^"  manj  portions  of  the  teirea- 
trial  sxiriace  was  at  remote  periods  boner  than  at  the  present 
time  :  tbe  animah  wb<xK  fti^silised  remains  are  foond  in  an- 
cient strata  have  tbeir  organism  adapted  to  what  we  should 
now  term  a  hot  climate.  There  are,  bowerer,  so  manj  cip» 
comstances  of  difficoltj  attending  coemical  apecfilations, 
that  but  little  reliance  can  be  placed  npon  tbe  most  profoond. 
We  know  not  tbe  original  source  of  terrestrial  beat ;  still 
less  that  of  tbe  solar  beat ;  we  know  not  whether  or  not  i^a- 
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^^H|BB  of  pUneta  may  be  io  constituted  as  to  communicata 
^^^KOes,  itiier  *e,  so  that  forces  which  have  hitherto  escaped 
L      dsteetioB  may  be  in  a  continaons  or  recurring  state  of  inter 


The  morements  produced  by  mutual  gravitation  may  be 
the  means  of  calling  into  existence  molecular  forces  within 
the  Babstaac«3  of  the  plauets  themselves.  As  neither  from 
obserration,  nor  from  deductiou,  caa  we  lis  or  conjecture  any 
bonodary  to  the  uniTerse  of  stellar  orbs,  as  each  advance  in 
tdesoopic  power  gives  us  a  new  shell,  bo  to  apeak,  of 
■tarn,  we  may  regard  our  globe,  in  the  limit,  as  surrounded  by 
K  sphere  of  matter  radiating  heat,  light,  and  possibly  other, 

Such  stellar  radiations  would  not,  irom  the  evidence  we 
hare  at  present,  appear  sufScieut  to  supply  the  loss  of  beat 
by  terrestrial  radiations  ;  but  it  is  quite  conceivable  that  the 
whole  solar  system  may  pass  through  portions  of  space  hav- 
ing difi«rent  temperatures,  as  was  suggested,  I  believe,  by 
PoissOD ;  that  as  we  have  a  terrestrial  summer  and  winter, 
so  there  may  be  a  solar  or  systematic  summer  and  winter,  in 
which  case  the  heat  lost  during  the  latter  period  might  be  re< 
stored  during  the  former.  The  amount  of  the  radiations  of 
the  celestial  bodies  may  again,  from  changes  in  their  positions, 
vary  through  epochs  which  are  of  enormous  duration  as  re- 
gards the  existence  of  the  human  species. 

The  views  of  Mr.  Thompson  differ  from  those  of  Laplace, 
recently  enforced  by  M.  Babinet,  which  suppose  the  planets 
to  have  been  formed  by  a  gradual  condcnsatioa  of  nebulous 
matter.  A  modification  of  this  view  might,  perhaps,  be  sug- 
gested, viz.  that  worlds  or  systems,  instead  of  being  treated 
as  wholes  at  definite  periods,  are  gradually  changing  by  at- 
moepheric  additions  or  subtractions,  or  by  accretioas  or  dim- 
inutione  arising  from  nebulous  substance  or  from  meteoric 
bodies,  BO  that  no  star  or  planet  could  at  any  time  be  said  to 
be  created  or  destroyed,  or  to  be  ia  a  state  of  absolute  atabil- 
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Hjj  but  ibBt  some  nuij  be  inatturngj  iiAen'dwiniliQg  awij, 

and  00  throughout  the  uniTene,  in  the  put  es  in  the  fata^ 
When,  however,  questions  relating  to  ooanogonj,  or  to  the 
beginning  or  end  of  worlds,  are  contemplated  from  a  phjpi- 
cal  point  of  view,  the  period  of  time  over  whidi  our  experi- 
ence, in  its  most  enlarged  sense,  extends,  is  so  indefinitely 
minute  with  reference  to  that  which  must  be  required  £ofr  anj 
notable  change,  even  in  our  own  planet,  that  a  variety  of  the- 
ories may  be  framed  equally  incapable  of  proof  or  of  dis- 
proof. We  have  no  means  of  ascertaining  whether  many 
changes,  which  endure  in  the  same  direction  for  a  term  b^ 
yond  the  range  of  human  experience,  are  really  continiioaB  or 
only  secular  variations,  which  may  be  compensated  fi>r  at 
periods  far  beyond  our  ken,  so  that  in  such  cases  the  qiiea- 
tion  of  comparative  stabilitjr  or  change  can  at  best  be  only 
answered  as  to  a  term  which,  though  enormous  with  refep- 
ference  to  our  computations,  sinks  into  nothing  with  reteenee 
to  cosmical  time,  if  cosmical  time  be  not  eternity*  Subjects 
such  as  these,  though  of  a  kind  on  which  'the  mind  delig^ 
to  speculate,  appear,  with  reference  to  any  hope  of  ***^*"irg 
reliable  knowledge,  far  beyond  the  reach  of  any  present  or 
immediately  prospective  capacity  of  man. 


[^LECTEICiTY  is  that  affectioo  of  matter  or  mode  of 
force  whicli  most  distioctly  aad  beautifully  relates  other 
Mies  of  force,  and  esJiibii«,  to  a  great  extent  in  a  quantita- 

)  form,  ita  own  relation  with  them,  and  their  reciprocal 
relations  with  it  and  with  each  other.  From  the  manner 
ia  which  the  peculiar  force  called  electricity  is  seemingly 
transmitted  through  certain  bodies,  such  as  metallic  wires, 
tke  lenn  earrent  \b  commonly  used  to  denote  its  apparent 
progress.  It  ia  very  difficult  to  present  to  the  mind  any 
theory  which  will  give  a  definite  conception  of  its  modta 
agendi:  the  early  theories  regard  its  phenomena  as  produced 
either  by  a  single  fluid  idio-repulsive,  but  attractive  of  all 
matter,  or  else  aa  produced  by  two  fluids,  each  idio-repulsive 
but  attractive  of  the  other.  No  aubstontive  Iheory  has  been 
proposed  other  than  these  two  ;  but  although  this  is  the  case, 
I  think  I  shall  not  be  unsupported  by  many  who  have  atten- 
tively studied  electrical  phenomena,  in  viewing  them  as  re- 
anlting,  not  from  the  action  of  a  fluid  or  fluids,  but  as  a  mole- 
cnlar  polarisation  of  ordinary  matter,  or  as  matter  acting  by 
attrsction  and  repulsion  in  a  definite  direction.  Thus,  the 
transmission  of  the  voltaic  current  in  liquids  is  viewed  by 
Grotthns  as  a  series  of  chemical  a£BnitieB  acting  in  a  definite 
directioii :  for  instance,  in  the  electrolysis  of  water,  i.  e.  its 
^compotition  when  placed  between  the  poles  or  electrodes 
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of  a  ToHaic  batteij,  a  moleciile  of  oiygen  is  mippoMd  to  be 
displaced  by  the  exalted  attraction  of  the  neighbouring  eleo- 
trode ;  the  hydrogen  liberated  by  this  displacement  unites 
with  the  oxygen  of  the  contiguous  molecule  of  water ;  this  in 
turn  liberates  its  hydrogen,  and  so  on;  the  current  being 
nothing  else  than  Una  molecular  transmission  of  diemical 
affinity. 

There  is  strong  reason  for  belieying  that,  with  some  es- 
ceptions,  such  as  fused  metals,  liquids  do  not  condnct  eleo- 
tridty  without  undergoing  decomposition ;  for  even  in  those 
extreme  cases  where  a  trifling  effect  of  conduction  is  appejp* 
ently  produced  without  the  usual  eliminatiot  of  substanoee  aft 
the  electrodes,  the  latter  when  detached  from  the  drcoift 
show,  by  the  counter-current  which  they  are  capable  of  pro* 
ducing  when  immersed  in  a  firesh  liquid,  that  their  superficial 
state  has  been  changed,  doubtless  by  the  determination  to 
the  surfaces  of  minute  layers  of  substances  haying  opposite 
chemical  characters.  The  question  whether  or  not  a  minute 
conduction  in  liquids  can  take  place  unaccompanied  bj  chemi- 
cal action,  has  however  been  much  agitated,  and  may  be  re- 
garded as  inter  apices  of  the  science. 

Assuming  for  the  moment  electrolysis  to  be  ihe  only 
known  electrical  phenomenon,  electricity  would  appear  to  cox^ 
sist  in  transmitted  chemical  action.  All  the  evidenoe  we 
have  is,  that  a  certain  affection  of  matter  or  chemical  change 
takes  place  at  certain  distant  points  of  space,  the  change  aft 
one  point  having  a  definite  relation  to  the  4:hange  at  the 
other,  and  being  capable  of  manifestation  at  any  intermediafte 
points. 

If,  now,  the  electrical  effect  called  induction  be  examined, 
the  phenomena  will  be  foimd  equally  opposed  to  the  theory  of 
a  fluid,  and  consistent  with  that  of  molecular  polarisation* 
When  an  electrifled  conductor  is  brought  near  another  which 
is  not  electrified,  the  latter  becomes  electrified  by  influence  or 
induction,  as  it  is  termed,  the  nearest  parts  of  each  of  these 
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tiro  bodies  exhibiting  states  of  electricity  of  the  contrarj 
denonuDBtioDs.  Until  this  subject  was  investigated  b}r  Farn- 
day,  the  intervening  non-conducting  body  or  dielectric  waa 
supposed  to  be  pnrely  negative,  and  the  effect  was  attributed 
to  the  repulBion  at  a  distance  of  the  electrical  Suid.  Fara-  • 
day  showed  that  these  effects  difiered  greatly  according  to  the 
dielectric  that  was  interposed.  Thus  Ihcy  were  more  exalted 
with  Bnlpbnr  than  with  shellac  ;  more  nrith  shellac  than  with 
^>ss,  Ac.  Matteacci,  though  difiering  from  Faraday  as  to 
the  explanation  he  gave,  added  some  experiments  which  prove 
Ibkt  the  Intervening  dielectric  is  molecularly  polarised.  Thus 
A  ntunber  of  thin  plates  of  mica  arc  superposed  like  a  pack 
of  cards  ;  metallic  plates  are  applied  lo  the  outer  facings,  and 
one  of  them  electrified,  so  that  the  apparatus  is  charged  like 
s  Leyden  phial.  Upon  separating  the  plates  with  insulating 
tumdles,  each  plate  is  separately  electrified,  one  side  of  it 
being  positive  and  the  other  negative,  showing  very  neatly 
Bod  decisively  a  polarisation  throughout  the  intervening  enb- 
■Unces  by  the  effect  of  indaction. 

Indeed,  chemical  action  or  electrolysis  may,  as  I  have 
■bown.  be  trausmittfid  by  induction  across  a  dielectric  anb- 
Msnce,  such  as  glass,  but  apparently  only  wbUe  the  glass  is 
being  charged  with  electricity.  A  wire  passing  through  and 
bermeticaUy  sealed  into  a  glass  tube,  a  short  portion  only  pn> 
jccUng,  is  made  to  dip  into  water  contained  in  a  Florence 
flask ;  the  flask  is  immersed  in  water  to  an  equal  depth  with 
thai  within  it ;  the  wire  and  another  similar  wire  dipping 
into  the  onter'watcr  are  made  to  communicate  metallically 
with  the  powerful  electrical  machine  known  as  Rhumkorfs 
coit ;  bubbles  of  gas  instantly  ascend  from  the  exposed  por- 
tions of  the  wires,  but  cease  after  a  certain  time,  and  are 
renewed  when,  afler  an  interval  of  separation,  the  coil  is 
■gaui  connected  with  the  wires. 

The    following  intereating  experiment  by  Mr.  Karsten 
•  ■  step  farther  in  corroboration  of  the  molecular  changes 
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coowqnent  vpoQ  elBetrintioii :  ▲  eoin  is  pfaoed  cm  *  ptick  «f 
tUn  pktes  of  g^UB,  and  then  declrifted.  On  raiKmiigliie 
com  and  breftthmg  oa  ibm  g^uB  platoy  an  inqirgiBiua  of  llie 
com  is  peroepdhk ;  this  shows  a  certain  mcdeciilar  change  on 
the  snrfiiceof  the  g^ass  qpposed  to  the  i^afte,  or  of  the  Tapoors 
condensed  on  soch  sor&oe.  lliis  effect  mig^  and  has  been 
interpreted  as  arising  from  a  fifan  of  greasj  deposity  supposed 
to  exist  on  the  |date ;  the  impiessions,  however,  haire  been 
pKored  to  penetrate  to  certain  depths  below  the  sorfiwe,  and 
not  to  be  ^mored  hj  polishing. 

The  following  experiment,  however,  goes  fiffther:  On 
separating  carefuUj  the  g^ass  plates,  images  of  the  ccnn  can 
be  devek^wd  on  each  (^  the  snrfiMcs,  showing  thai  the  mofe- 
colar  change  has  been  transmitted  throogfa  the  substance  of 
the  glass ;  and  we  may  thence  reasonablj  suppose  that  a 
piece  of  glass,  or  other  dielectric  body,  if  it  could  be  spUt  up 
while  under  the  influence  of  electric  induction,  would  exhibit 
some  molecular  change  at  each  side  of  each  lamina,  however 
minutelj  subdivided.  I  have  succeeded  in  fiEuther  extending 
this  experiment,  and  in  permanentlj  fixing  the  images  thus 
produced  by  electricitj.  Between  two  qirefuUj-deaned  ^aas 
plates  is  placed  a  word  or  device  cut  out  of  paper  or  tinfoil ; 
sheets  of  tinfoil  a  little  smaller  than  the  glass  plates  are 
placed  on  the  outside  of  each  plate,  and  these  coatings  are 
brought  into  contact  with  the  terminals  of  Bhumkorf  s  ooiL 
After  electrisation  for  a  few  seconds,  the  glasses  are  sepa- 
rated, and  their  interior  surfaces  exposed  to  the  vapour  of 
hydrofluoric  add,  which  acts  chemicaUy  on  glass ;  the  por- 
tions of  the  glass  not  protected  by  the  paper  device  are  dkr- 
roded,  while  those  so  protected  are  untouched  or  less 
affected  by  the  add,  so  that  a  permanent  etching  is  thns 
produced,  which  nothing  but  disintegration  of  the  g^ass  will 
efface. 

Some  further  experiments  of  mine  on  this  subject  bring 
out  in  a  still  more  striking  manner  these  curious  "^W^l^r 
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One  of  the  plates  of  gUas  harii^  been  electrifiod 
just  mentioned,  is  coated,  on  the  side  impressed 
willi  the  inTisible  electrical  image,  with  a  film  of  iodised 
«ollodioD  in  the  manner  uauallj  adopled  for  photographic 
|nirpoaea ;  it  is  then  in  a  dark  room  imroeraed  in  a  solution 
of  nitrala  of  silver ;  then  exposed  to  difiiise  light  for  a  few 
■eeonda.  On  pouring  over  the  collodion  the  usoal  solution 
of  pjrog&llic  acid,  the  invisible  electrical  imago  is  brought 
out  sa  a  duik  de  vice  on  a  light  ground,  and  ctin  bo  permanently 
fixed  by  hvpogulphitc  of  soda.  The  point  worthy  of  obser- 
TUion  in  thia  experiment  is,  that  this  permanent  image  exists 
ID  the  collodion  film,  which  can  be  stripfted  off  the  glass,  dried, 
■ad  placed  on  any  olher  surface,  so  that  the  molecular  change 
coDwquent  on  electrisation  has  communicated,  by  contact  or 
doM  proximity,  a  change  to  the  film  of  collodion  corres- 
ponding in  form  with  that  on  the  glass,  but  being  undoubtedly 
of  a  chemical  nature.  Electricity  has,  moreover,  in  this  ex- 
periment so  modified  the  suriocc  of  glass,  that  it  can,  in  its 
tttTDi  modify  the  structure  of  another  substance  so  as  to  alter 
the  relation  of  the  latter  to  light.  It  would  require  a  curious 
complication  of  hypothetic  fiuids  to  explain  this ;  but  if  elec- 
tricity and  light  be  supposed  to  be  affections  of  ordinary  pon- 
darable  matter,  the  difficulty  is  only  one  of  detail. 

If,  again,  we  examine  the  electricity  of  the  atmosphere, 
when,  as  is  neually  the  case,  it  b  positive  with  respect  to  that 
of  the  earth,  we  find  that  each  successive  stratum  is  positive 
to  those  below  it  and  negative  to  those  above  it ;  and  the  con- 
reiee  is  the  case  when  the  electricity  of  the  atmosphere  is 
negative  with  respect  to  that  of  the  earth. 

If  another  electrical  phenomenon  be  selected,  another  sort 
of  change  will  be  found  lo  have  taken  place.  The  electric 
MH'kf  the  brash,  and  similar  phenomena,  the  old  theories 
regarded  as  actoal  emanations  of  the  matter  or  fluid,  Eleo 
Iricity  ;  I  ventore  to  regard  them  as  produced  by  en  emission 
of  the  material  itself  &om  whence  they  issue,  and  a  molecular 
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aiiliop  of  tbB  gM)  or  lnternmdimfcf  wn^fft^i 
thij  are  tnnsmitted* 

The  eoloor  of  the  eleetne  Bptaikf  Or  of  the  Toltaie  wo  (jL 
e.  the  Heme  which  playe  between  the  teraimel  pointo  it^m 
powerfol  voltaic  battery),  is  dependent  iqwu  the  anbalMMe  «f 
the  metalfBobjeettooertammodifieaticnisof  theintennediniii: 
thne,  the  electric  spark  or  arc  firom  sine  is  Una ;  ftom  mtmt^ 
green;  firom  iron,  red  and  scintillating;  precisely  the  ooloina 
aflbided  by  tiiese  metals  in  their  ordinary  eonbostioB.  Jk 
portion  of  the  metal  is  also  found  to  be  actually 
with  every  electric  or  voltaic  disdiarge :  in  the  latter. 
indeed,  where  the  quantity  of  matter  acted  iqwu  ia. 
than  in  the  fonner,  the  metallic  particles  emitted  fay  tha 
trodes  or  terminals  can  be  readily  collected,  tested,  or 
wei^d.  It  would  thus  appear  that  the  eleotrical  dischargs 
arises,  at  least  in  part,  fitmi  an  actual  r^iulsion  and  aavcv* 
ance  of  the  electrified  matter  itself,  whiohfliesoff  atthepoinli 
of  least  resistance.  *  ^ 

A  careful  examination  of  the  phenomena  attending  flia 
electric  spark  or  the  v<dtaic  arc,  whidi  latter  is  the  alootria 
disruptive  discharge  acting  on  greater  portions  of  matftar, 
tends  to  modify  considerably  our  previous  idea  of  the  natma 
of  the  electric  force  as  aproducer  of  ignition  and  oombaatioiL 
The  voltaic  arc  is  perhaps,  strictly  speaking,  neither  ^gn<Ai« 
nor  combustion.  It  is  not  simply  ignition ;  because  tha  mait* 
ter  of  the  terminals  is  not  merely  tonight  to  astateof  Inoaft- 
descence,  but  is  physically  separated  and  partially  transflBnad 
from  one  electrode  to  another,  much  of  it  being  diaripatad  fta 
a  vaporous  state.  It  is  not  combustion ;  fiv  the  phnnmnsmi 
win  take  place  independently  of  atmospheric  air,  caj^gengafef 
or  any  of  the  bodies  usually  called  Bupp<NrterB  of  oomboaClMii 
combustion  being  in  &ct  chemical  uni<m  attended  with  heal 
and  UfjkiU  In  the  voltaic  arc  we  may  have  no  ^^endealufete  | 
forif  the  experiment  be  performed  in  an  eshanstedreeehir^epr 
in  nitrogen,  the  substance  Arming  the  dbetrodaa  is 
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and  preoiKtated  upon  the  iotorior  of  the  vessel  in,  chemicall} 
qwoking,  an  tualtered  alate.  Thua,  to  take  a  very  striking 
eiSDvplc,  if  the  voltaic  diicharge  be  taken  l>etween  zinc  Uir- 
minahi  in  aa  exhausted  reeeiver,  n  fine  black  powder  of  rinc 
IB  depogiled  on  the  sides  of  tbe  receiver ;  this  can  be  collect- 
ed, and  takes  fire  readily  in  the  air  by  being  touched  with  a 
match,  or  ignited  wire,  instantly  burning  into  white  oxide  of 
sine.  To  an  ordinary  observer,  the  zinc  would  appear  lo  be 
bnmed  twice — first  in  the  receiver,  where  the  phcnomenoa 
preMBls  all  the  appearance  of  combustion,  and  secondly  in 
the  real  combustion  in  air.  With  iron  the  experiment  is 
eqnaHy  insLructive.  Iron  is  volatilised  by  the  voltaic  arc  ia 
niOogen  or  in  an  exhausted  receiver ;  and  when  a  scarcely 
perevptible  film  has  lined  the  receiver,  this  is  washed  with  an 
add,  which  then  gives,  with  ferrocyanidc  of  potassium,  theprus- 
■ise-blue  precipitate.  In  this  case  we  rmdilg  distil  iron,  a 
metAl  by  ordinary  means /uaifile  only  at  a  very  high  tempera- 
ture. 

Another  strong  evidence  that  the  voltaic  discharge  cou- 
aiota  of  the  material  its«lf  of  which  the  terminals  are  compoft- 
ed,  ia  tlie  peculiar  rotation  which  is  observed  in  the  light 
wlteD  iron  ia  employed,  the  magnetic  character  of  this  metal 
caaaing  its  molecules  to  rotate  by  the  influence  of  the  voltaic 

If  we  increase  the  number  of  -reduplications  in  a  voltaic 
•eriea,  we  increase  the  length  of  the  arc,  and  also  iccrease  ita 
intensity  or  power  of  overcoming  resistance.  With  a  battery 
consisting  of  a  limited  number,  say  100  reduplications,  the 
diacharge  will  not  pass  from  one  terminal  to  the  other  with- 
out flrst  bringing  them  into  contact,  but  if  we  increase  the 
□umber  of  ceUs  to  400  or  500,  the  discharge  will  pass  from 
oae  terminal  to  the  other  before  they  are  brought  Into  contact. 
Thadifierenco  between  what  is  called  Franklin ic  electricity,  or 
that  produced  by  an  ordinary  electrical  machine,  and  voltaic  eleo- 
tricily,  or  that  produced  by  the  ordinary  voltaic  battery,  b  that 
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■led  air  B  dwcharge  may  be  made  to  pass  acrosfi  eix  or  seven 
feet  of  space,  while  in  air  of  the  ordinary  density  it  would 
not  pass  across  an  inch.  An  obserrer  regarding  (he  beauti- 
ful plienomena  exhibited  by  this  electric  discharge  in  attenua- 
ted gas,  which,  from  some  degree  of  similarity  in  appear- 
ance to  the  Aurora  Borealis,  has  been  called  the  electric  Au- 
ron,  would  have  some  difficulty  in  believing  such  effects 
oould  be  doe  to  an  action  of  ordinary  matter.  The  amount 
of  gafl  present  is  estremelj  small ;  and  tlie  terminals,  Id  a 
cursory  examination,  show  no  change  aiter  long  experiment- 
ii^.  It  is  therefore  not  to  be  wondered  at  that  the  first  ob- 
eerrers  of  this  and  similar  phenomena,  regarded  electricity 
«s  in  iiae If  something — as  a  specific  existence  orfiaid.  Even 
in  this  extreme  case,  however,  uponamore  careful  examinatios 
we  shall  find  that  a  change  does  take  place,  both  as  regards  the  gaa 
•ad  as  regards  the  tcrroinals.  Let  one  of  these  consist  of  a  high- 
ly-polished metal — a  silver  plate  is  oneof  thebeatmalcriabfor 
the  purpose — and  let  thedischargcs  in  attenuated  atmospheric 
ftirtake  place  froma  point,  saya  common  scwingneedle,totho 
snrCue  of  the  polished  silver,  plate  ;  it  will  be  found  that  this 
iflgradDally  changed  in  appearance  oppoHite  the  point — it  is  os- 
idalbd,  and  gradually  more  and  more  corroded  as  the  discharge 
is  continued. 

If  now  the  gas  be  changed,  and  highly-rarefied  hydrogen 
b«  sabstituied  for  (he  rarefied  air,  all  other  things  remaining 
the  same,  upon  passing  the  discharges  as  before  the  oxide 
wiQ  be  cleared  ofi'  the  plate,  and  ihe  polish  to  a  great  extent 
reotored — not  entirely,  because  the  silver  has  been  disinte- 
grMed  by  the  oxidation — and  the  portion  which  has  been  af- 
fected by  the  discharge  wiQ  present  a  somewhat  different  ap- 
peontnce  from  Ihvremaindcr  of  the  plale. 

A  question  will  probably  here  occur  to  the  reader : — What 
will  be  the  effect  if  there  bo  not  an  oxidating  medium  pres- 
est,  and  the  experiment  be  first  performed  in  a  rarefied  gas, 
which  possesses  no  power  of  chemically  acting  on  tbe  plate? 
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foBed  globules  of  metal  were 
d  oo  t&e  tenninal  plates  ;  in  my  experiments  made  in 
■xumnaUd  media,  alternate  rings  of  oxidation  and  deoxida- 
tioq  mtv  formed.  Tbus,  if  llic  plate  be  polished,  colotired 
rings  of  oxide  will  alternate  with  rings  of  polished  or  anosi- 
dated  Htrfitce  ;  and  if  the  plate  be  proviously  coated  with  an 
nailomi  film  of  oxide,  the  oxide  will  be  removed  in  concen- 
tne  spaces,  and  increased  in  the  olleroate  ones,  showing  a 
lateral  alternntion  of  positive  and  negative  electricity,  or 
eleetricily  of  opposite  character  in  the  same  discharge. 

It  would  be  hasiy  to  assert  tiat  in  no  case  can  thceleetri- 
csl  dismptive  discharge  take  place  without  the  lerminals  be- 
ing afiected.  1  have,  however,  seen  no  iusiaace  of  such  are* 
iolt  where  the  discharge  bos  been  anffieiently  prolonged,  and 
the  lerminab  in  auch  a  slate  as  could  be  expected  to  render 
■ifttiifeiC  slight  changes. 

Tbe  next  question  which  would  occur  in  following  oattha 
etHjuiry  which  has  been  indicated,  would  probablj  be,  What 
it  the  action  upon  the  gas  itself?  is  this  changed  in  any  man> 
Bcr? 

,  In  answer  to  thia,  it  must  be  admitted  that,  in  the  present 
■tale  of  experimental  knowledge  on  this  subject,  certain 
gues  only  appear  to  leave  permanent  traces  of  their  having 
beea  changed  by  the  discharge,  while  others,  if  atTected  by 
it,  ■which,  as  will  be  presently  seen,  there  are  reasons  to  be- 
lieve they  are,  return  to  their  normal  state  immediately  after 
the  discbarge. 

In  tba  former  class  we  may  place  many  compound  gases, 
■■  ammonia,  olefiaitt  gas,  protoxide  of  nitrogen,  deutoside 
of  nitrogen,  and  others,  which  are  decomposed  by  the  action 
of  tbedischarge.  'Mixed  gases  are  also  chemically  combined : 
&r  instance,  oxygen  and  hydrogen  unite  and  form  water; 
common  air  gives  nitric  acid  ;  chlorine  and  aqueous  vapour 
give  oxygen,  the  chlorine  uniting  with  the  hydrogen  of  the 
WMer. 
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i  ttf  matter ;  and  the  writiiig  tlieae  passages  aflbrds, 

t  le&st,  A  striking  instance  of  how  much  ideas  are 

I  in  words,  when,  to  express  a  view  differing  from 

d  one,  words  involTing  the  received  one  are  neces- 

ing  now  to  the  effect  of  the  transmission  of  electri- 
e  class  of  the  best  conducting  bodies,  Bucb  as  the 
i  carbon,  here,  though  we  cannot  at  present  give  tbe 

B  diaractcr  of  tbe  motion  impressed   upon  the  particles, 

«  are  Tet  many  experiments  which  show  that  a  change 
titea  place  in  such  substances  when  they  are  affected  by  elec- 
tnatj. 

Let  discharges  from  a  Leyden  jar  or  battery  be  passed 
t^B^  a  platinum  wire,  too  thick  to  be  fused  by  tbe  dis- 
■Jurpe,  and  tree  from  constraint,  it  will  be  found  that  the 
■itvis  ihortened  ;  it  has  undergone  a  molecular  change,  and 
■ppireoily  been  acted  on  by  a  force  tranverse  to  its  length, 
V  Uw  discharges  be  continued,  it  gradually  gathers  up  in 
xnill  irregular  bends  or  convolutions.  So  with  voltaic  clec- 
tririiy:  place  a  platinum  wire  in  a  trough  of  porcelain,  so 
rill  wiien  liised  it  shall  retain  its  position  as  a  wire,  and  then 
Jnile  it  by  a  voltaic  battery.  As  it  reaches  the  point  of  fii- 
"iB  il  will  snap  asunder,  showing  a  contraction  in  length,  and 
'oueqaenlly  a  distension  or  increase  in  its  transverse  dimen- 
oom.  Perform  the  same  experiment  with  a  lead  wire, 
^Inch  can  be  more  readily  kept  In  a  slate  of  fusion,  and  foU 
W  it.  as  it  contracts,  by  the  terminal  wires  of  the  battery ; 
u  >iU  be  seen  to  gather  up  in  nodules,  which  press  on  each 
'Aw  like  a  string  of  beads  of  a  soil  material  which  have 
'xtii  kmgitBdinally  compressed. 

As  we  increase  the  thickuess  of  the  wires  in  these  expor- 
■Mots  with  reference  to  the  electrical  force  employed,  we  les- 
n  tbe  perceptible  effect :  but  even  in  this  case  we  shall  be 
mbhd  stfely  ta  infer  that  some  molecular  change  accompa- 
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nies  file  transmisuon  of  electricity:  the  wires  areheatedin  a 
degree  decreasing  as  their  thickness  increasea— but  by  in- 
creasing the  delicacy  of  our  tests  as  the  heating  effecta  da- 
crease  in  intensity,  we  may  indefinitely  detect  the  augmenta- 
tion of  temperature  accompanying  the  passage  of  electxi- 
city— and  wherever  there  is  augmentation  of  temperature 
there  must  be  expansion  or  change  of  position  of  the  mole- 
cules. 

Again,  it  has  been  observed  that  wires  which  have  for  a 
long  time  transmitted  electricity,  such  as  those  which  haya 
served  as  conductors  for  atmospheric  electricity,  have  their 
te](ture  changed,  and  are  rendered  brittle.  In  this  obsenra- 
tion,  however,  though  made  by  a  sldllfiil  electrician,  M.  Pet 
tier,  the  effects  of  exposure  to  the  atmosphere,  to  changes  of 
temperature,  &c.,  have  not  been  sufficiently  ftliini"^^*^  to 
render  it  worthy  of  entire  confidence.  There  are,  howeyer, 
other  experiments  which  show  that  the  elasdci^  of  metals  is 
changed  by  the  passage  through  them  of  the  electric  coirent. 

Thus  M.  Wertheim  has,  firom  an  elaborate  series  of  ex- 
periments, arrived  at  the  conclusion  that  there  is  a  temporary 
diminution  in  the  coefficient  of  elasticity  in  wires  while  they 
are  transmitting  the  electric  current,  which  is  independent  of 
the  heating  effect  of  the  current. 

M.  Dufour  has  made  a  considerable  number  of  ezpexi- 
ments  with  the  view  of  ascertaining  if  any  permanent  change 
in  metals  is  effected  by  electrisation.  Ho  arrives  at  the  ca- 
rious result  that  in  a  copper  wire  through  which  a  feeble  vol- 
taic current  has  passed  for  several  days,  a  notable  diminution 
in  tenacity  takes  place ;  while,  in  an  iron  wire,  the  tenacity 
is  increased;  and  that  these  effects  were  more  perceptible 
when  the  wires  had  been  electrised  for  a  long  time  (nineteen 
days)  than  for  a  short  time  (four  days).  The  copper  wire 
was,  in  his  experiment,  not  perfectly  pure ;  so  that  the  eflbct, 
or  a  portion  of  it,*  might  be  due  to  the  state  of  alloy :  in  tha 
case  of  iron,  the  magnetic  character  of  the  metal  would  prob* 
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ftblj  moHCj  the  effects,  and  might  occoimt  for  the  opposite 
character  of  the  results  vritb  tlicse  two  metals. 

Mntteucci  lias  made  experiments  on  the  conductiou  of 
dcctrieitj  by  bismuth  in  directions  parallel  or  transverse  to 
the  planes  of  principal  cleavage,  and  lie  finds  that  bismuth 
conducts  electricity  and  heat  better  in  the  direction  of  the 
cleavage  planes  ihao  in  that  iransverBe  to  tbcm. 
_  Many  other  esperimenla  have  been  made  both  on  the  pro- 
dactios  of  thermoelectric  corrente  by  two  portions  of  the 
same  crystalline  metal,  but  with  the  planes  of  crystallizatioa 
arras^d  in  different  directiod^  relatively  to  each  other,  and 
tSao  oa  the  differences  in  condactioa  of  heat  and  electricity 
UCordmg  to  the  direction  in  which  they  are  transmitted  with 
rtferance  to  the  planes  of  crystallization. 

It  is  found,  moreover,  that  the  slightest  difference  in  ho- 
mogeneity in  the  same  metal  enables  it  when  healed  to  pro- 
duce a  thermo-electric  current,  and  that  metals  in  a  state  of 
finion,  in  which  state  they  may  be  presumed  to  be  homogi>- 
neous  throughout,  give  no  thermo-electric  current :  thus,  hot 
is  contact  with  cold  mercury  has  been  shown  by  Matleucel 
to  give  no  thenno-electric  current,  and  the  same  is  the  ease 
with  portions  of  fused  bismuth  imequally  healed. 

The  fact  that  the  molecular  structure  or  arrangement  of  a 
body  influences — indeed  I  may  say  determines — its  conduct- 
ing power,  is  by  no  means  explained  by  the  theory  of  a  fluid  ; 
trot  if  electricity  be  only  a  transmission  of  force  or  motion, 
the  influence  of  the  molecular  state  is  just  what  would  be 
expected.  Carbon,  in  a  traDsparent  crystalline  state,  as  dia- 
mond, is  as  perfect  a  non-conductor  as  we  know  ;  while  in  an 
opaque  amorphous  state,  as  graphite  or  charcoal,  it  is  one  of 
the  beet  conductors :  thus,  in  the  one  state,  it  transmits  light 
and  stops  electricity,  in  the  other  it  transmits  electricity  and 
Kops  light. 

It  is  a  circumstance  worthy  of  remark,  that  the  arrango- 
nODt  of  molecules,  which  renders  a  solid  body  capable  of 


98  OOSBELATKar  OT  taTtfMlAL  VOBOS8. 


transmittiiig  li^t,  is  most  un&yoimble  to  hs'lnuiSBiuwm  of 
electricity,  transparent  solids  being  rery  imperfect  oondiiatat 
of  electricity ;  so  all  gases  readily  transmit  light,  but  an 
amongst  the  worst  conductors  of  electricity,  if,  indeed,  prop- 
erly speaking,  they>can  be  said  to  conduct  at  all. 

The  conduction  of  electricity  by  different  rlncncn  of  bodies 
has  been  generally  regarded  as  a  question  of  degree :  thai 
metals  were  viewed  as  perfect  conductors,  charcoal  less  so, . 
water  and  other  liquids  as  imperfect  conductors,  &c.  But, 
in  fact,  though  between  one  metal  and  another  the  mode  of 
transmission  may  be  the  sam^and  the  difference  one  of  de- 
gree, a  different  molecular  effect  obtains,  when  we  contrast 
metals  with  clectroljrtic  liquids  and  diese  with  gases. 

Attenuated  gases  may  be,  in  one  sense,  regarded  as  Don* 
conductors,  in  another,  as  conductors ;  thus  if  gold-leaves  be 
made  to  diverge,  by  electrical  repulsion,  in  air  at  ordinaiy 
pressure,  they  in  a  short  time  coUapse ;  while  in  highly-rare- 
fied air,  or  what  is  commonly  termed  a  vacuum,  they  remain 
divergent  for  days ;  and  yet  electricity  of  a  certain  degree  of 
tension  passes  readily  across  attenuated  air,  and  with  diffi- 
culty across  air  of  ordinary  density. 

Again,  where  the  electrical  terminals  are  brought  to  a 
state  of  visible  ignition,  there  are  symptoms  of  the  transmis- 
sion of  electricity  of  low  tension  across  gases ;  but  no  such 
effects  have  been  detected  at  lower  temperatures.  All  this 
presents  a  strong  argument  in  favour  of  the  transmission  of 
electricity  across  gases  being  effected  by  the  disruptive  dis- 
charge, and  not  by  a  conduction  similar  to  that  which  takes 
place  with  metals  or  with  electrolytes. 

The  ordinary  attractions  and  repulsions  of  electrified 
bodies  present  no  more  difficulty  when  regarded  as  being  pro- 
duced by  a  change  in  the  state  or  relations  of  the  matter  af- 
fected, than  do  the  attractions  of  the  earth  by  the  sun,  or  of 
a  leaden  ball  by  the  earth ;  the  hypothesis  of  a  fluid  is  not 
considered  necessary  for  the  latter,  and  need  not  be  so  for  the 
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M  of  phenomena.  How  (he  phenomena  are  pro- 
dBre<l  to  which  the  urm  altraction  la  applied  is  still  a  laya- 
Xtxy.  Newton,  speaking  of  it,  saya,  'What  I  call  attraction 
may  be  perfonned  hj  impulse,  or  by  some  other  means  un- 
known to  me.  I  use  that  word  here  to  signify  only  in  gen- 
eral any  force  by  which  bodies  tend  ton'ards  one  another, 
whatmever  bo  the  cause."  If  we  suppose  a  fluid  to  act  in  at- 
tractions and  repulsions,  the  imponderable  fluid  mnst  drag  or 
poah  the  matter  with  it :  thus  when  we  feel  a  stream  of 
air  rnshing  from  an  etcctrifle^I  metallic  point,  each  molecule 
of  air  contignons  to  the  point  being  repelled,  another  takes 
its  place,  which  in  in  its  turn  repelled ; — how  does  a  hypo* 
ihetJc  fluid  aaaist  us  here?  If  we  say  the  electrical  fluid  r^ 
pels  itself,  or  the  same  electricity  repels  itself,  we  must  go 
fkrUier  and  assert,  Uiat  it  not  only  repels  itself,  but  either 
commnnicatos  ila  repulslTe  force  to  the  particles  of  the  air,  or 
CHrries  with  it  the  particle  of  air  id  its  passage.  Is  it  not 
more  easy  lo  asanmo  thai  the  particle  of  air  is  in  such  a  state 
tbst  the  ordinary  forces  which  keep  it  in  equilibrium  are  dis- 
tttriwd  by  the  electrical  force,  or  force  in  a  definite  direction 
eommnnicated  to  it,  and  that  thus  each  particle  m  tarn  r^ 
cedes  from  the  point?  As  this  latter  force  is  increased,  not 
traly^  does  the  particle  of  air  which  was  contiguous  to  the  me* 
tnJHc  point  recede,  but  the  cohesion  of  the  extreme  particles 
of  metal  may  he  overcome  to  such  an  extent  that  these  ara 
detached,  and  the  bmsh  or  spark  may  consist  wholly  or  in 
part  of  minate  particles  of  the  metal  itself  thrown  off.  Of 
this  there  is  some  evidence,  though  the  point  can  hardly  be 
considered  as  proved.  A  similar  effect  undoubtedly  takes 
place  with  voltaic  electricity,  acting  upon  a  terminal  im- 
mersed in  a  liquid ;  thus  if  metaUic  terminals  of  a  powerfhl 
voltaic  battery  be  immersed  in  water,  metal,  or  the  oiide  of 
metal,  is  forcibly  detached,  producing  great  .heat  at  the  point 
of  iJiamplion. 

If  we  ftpplf  ourselves  to  the  effect  of  electricity  in  the 
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animal  eoonomj,  we  find  that  tbe  fini  rufinnalB  gmn  of  ibfb 
eonTnlsiTe  effect  prodaced  bj  tmrnninon  through  tibe  Ixring 
or  reoentlj  killed  anixnftl  was,  that  dectricUy  itaelf,  BQmething 
sabstantive,  passed  rapidly  through  the  body,  and  gaTO  riio 
to  the  contractioxi»;  step  by  step  we  are  now  aniring  at  the 
conviction  that  consecative  particles  of  the  nerres  and  moa- 
des  are  affected.  Thus  the  contractions  whidi  the  prepared 
leg  of  a  firog  undergoes  at  the  moment  it  is  submitted  to  a 
Yohaic  current,  cease  after  a  time  if  the  cnrreni  be  oontin- 
ned,  and  are  renewed  on  breaking  the  circuit,  i.  e.  at  the  mo- 
ment when  the  current  ceases  to  trayerse  it.  The  ezcitabit 
ity  of  a  nerye,  moreoyer,  or  its  power  of  producing  muscular 
contraction,  is  weakened  or  destroyed  by  the  transmission  of 
electricity  in  one  direction,  while  the  excitability  is  increased 
by  the  transmission  of  electricity  in  the  opposite  direction ; 
showing  that  the  fibre  or  matter  itself  of  the  nerve  is  dianged 
by  electrisation,  and  changed  in  a  manner  bearing  a  direct 
relation  to  the  other  effects  produced  by  electridty. 

Portions  of  muscle  and  of  nerve  present  different  electri- 
cal states  with  reference  to  other  portions  of  the  same  musde 
or  nerve ;  thus  the  external  part  of  a  musde  bears  the  same 
relation  to  the  internal  part  as  platinum  does  to  zinc  in  the 
voltaic  battery ;  and  delicate  galvanoscopes  will  show  dectri* 
cal  effects  when  interposed  in  a  conducting  circuit  connecting 
the  surface  of  a  nerve  with  its  interior  portions.  Matteuod 
has  proved  that  a  species  of  voltaic  pile  may  be  formed  by  a 
series  of  slices  of  muscle,  so  arranged  that  the  external  part 
of  one  slice  may  touch  the  internal  part  of  the  next,  and 
so  on. 

Lastly,  the  magnetic  effects  produced  by  electricity  also 
show  a  change  in  the  molecular  state  of  the  magnetic  sub- 
stance affected ;  as  we  shall  see  when  the  subject  of  magnet- 
ism is  discussed. 

I  have  taken  in  succession  all  the  known  classes  of  elec- 
trical phenomena ;  and,  as  Our  as  I  am  aware,  there  it  not  an 
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electrical  effect,  where,  if  a  close  iuTestigation  be  inslituted, 
and  the  uuiterials  chosen  in  a  state  for  exhibiting  minute 
dtanges,  evidence  of  molecular  change  will  not  be  detected  ; 
tbns,  excepting  those  cases  where  infinilcsinuill}'  small  quan- 
tities of  matter  are  acted  on,  and  our  means  of  detection  fail, 
electrical  eflects  are  known  to  ns  only  aa  changes  of  ordinary 
matter.  It  seenu  to  me  as  easy  to  imagine  these  changesto 
be  effected  by  a  force  acting  in  definite  direeliona,  as  by  a 
fluid  which  has  no  independent  or  sensible  existence,  and 
wikich,  it  must  be  assumed,  is  associated  with,  or  exerts  & 
force  acting  upon  ordinary  matter,  or  matter  of  a  different 
order  from  the  supposed  fluid.  As  the  idea  of  the  hypotlietio 
flaid  is  pursued,  it  gradually  vanishes,  and  resolves  itself  into 
the  idea  of  force.  The  hypothesis  of  matter  withont  weight 
pmenia  in  itself,  as  I  believe,  fata]  objections  to  the  theories 
of  electrical  fiuidt,  which  are  entirely  removed  by  viewing 
electricity  as  force,  and  not  as  matter. 

If  it  be  said  that  the  effects  we  have  been  considering 
may  still  be  produi;ed  by  a  fluid,  and  that  this  fluid  acta  upon 
ordiojuy  matter  in  certain  cases,  polarising  the  matter  af- 
fected or  arranging  its  particles  in  a  definite  direction,  whilst 
in  crttera,  by  its  attractive  or  repulsive  force,  it  carries  with 
it  portions  of  matier ;  yet,  if  the  fluid  in  itself  be  incapable 
of  recognition  by  any  lest,  if  it  be  only  eridenced  by  the 
changes  which  it  operates  in  ponderable  matter,  the  words 
fluid  and  force  become  identical  in  meaning ;  we  may  as  well 
say  that  the  attraction  of  gravitation  or  weight  is  occasioned 
by  a  fluid,  as  that  electrical  changes  are  so. 

When,  as  is  constantly  done  in  common  parlance,  a  house 
is  aaid  to  be  ttrack,  windows  broken,  metals  ftaed  or  dUsipa- 
tedby'the  electrical  ^uiif,  are  not  the  expressions  oaed  such 
aa,  if  not  sanetioaed  by  habit,  would  seem  absurd?  In  all 
the  cases  of  injury  done  by  lightning  there  is  no  fluid  per- 
ceptible ;  the  so-called  solpborous  odour  is  either  ozone  de- 
vdoped  by  the  action  of  electricity  on  atmospheric  air,  or  the 
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ci  KKot  sobeuact  diviptttod  bj  tbe  disciiaige ;  on  Ite 
other  hAsd.  z:  seezzis  more  cnnwwMmt  with  erpmenoa  to  v^ 
gmni  i^ese  ejects  u  prodnecd  bj-  font,  ms  we  haye  analogow 
tStcu  pzv;«d:iced  bj  admined  fortes,  in  cases  wbere  no  one 
woald  inroke  the  aid  of  a  hTpothedc  fluid  for  explanation. 
For  iaaaaee.  passes  mar  be  broken  bj electrical  diadiargee; 
SK^maT  tbev  br  jonoroos  vibrations.  Metals  elecdrified  or 
magxudsei  will  emit  a  sound ;  so  thej  will  if  struck,  or  if  a 
musical  noce  wish  idiidi  ther  can  Tibrate  in  unison  be  sounded 
near  to  them. 

Evm  chemical  decomposiiion,  in  cases  of  feeUe  affimt^i 
mar  be  produced  bj  purelj  mechanical  effects.  A  number  of 
instances  of  this  hare  been  coDected  b^  M.  Beoquerel ;  and 
ffub5iance$  who>s«  constinients  are  held  together  by  feeble  a& 
finities,  such  as  iodide  of  nitrogen  and  similar  compounds,  an 
decomposed  bv  the  ribratioa  occasioned  by  sound. 

K.  instead  of  being  regarded  as  a  fluid  or  imponderabla 
maner  rat  cfnerii,  eloctridtT-  be  regarded  as  the  motion  of  an 
ether,  equal  difficulties  are  encountered.  Assuming  etlier  to 
pervade  the  pores  o£  all  bodies,  is  the  ether  a  conductor  or 
non-conductor  ?  If  the  laner — that  is,  if  the  ether  be  incap^ 
ble  of  transmitting  the  electrical  wave — the  ethereal  hypothe- 
sis  of  electricitv  necessarilv  falls :  but  if  the  motion  of  the 
ether  constitute  what  we  call  conduction  of  electricity,  then 
the  more  porous  bodies,  or  those  most  permeable  by  the 
ether,  should  be  the  best  conductors.  But  this  is  not  the  case. 
If,  again,  the  metal  and  the  air  surrounding  it  aro  bolih  per- 
vaded by  ether,  why  should  the  electrical  wave  afibct  the 
ether  in  the  metal,  and  not  stir  that  in  the  gas?  To  support 
an  ethereal  hypothesis  of  electricity,  many  additional  and 
hardly  reconcilable  hypotheses  must  be  imported. 

The  firacturo  and  comminution  of  a  non-conducting  body, 
the  fusion  or  dispersion  of -a  metallic  wire  by  the  electrical 
discharge,  are  effects  equally  difficult  to  conceive  upon  the 
hypothesis  of  an  ethereal  vibration,  as  upon  that  of  a  fluid, 
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bat  Are  necessary  results  of  the  sudden  subversion  of  molo- 
colAr  polonaetion,  or  of  a  eadilcn  or  irregular  vibratory  move- 
BiBtit  of  the  matter  itself.  We  see  similar  cHectH  produced 
by  MHiorone  vibratioiia,  which  might  be  eaUcd  conduction 
am)  non-conduction  of  aonnd.  One  body  transmits  sound  ea- 
sily, cnothcr  stops  or  deadens  it,  as  il  is  termed — i.  c.  dia- 
penes  tlie  Tibrations,  iustcad  of  continuing  them  in  Ifie  same 
4ireetiofi  OB  the  primary  impulse  ;  and  soh'd  bodies  mny,  as 
ha»  becQ  above  observed,  be  shivered  by  sudden  impulses  of 
Mfnul  in  those  cases  where  all  the  parts  of  the  body  c-annot 
milbniily  carry  on  the  undulatory  motion. 

Tlie  progressive  stages  iu  the  History  of  Physical  Philoso- 
phy will  Account  in  a  great  measure  fur  the  adoption  by  the 
B«riy  electricians  of  the  theories  of  fluids. 

Ttia  ancients,  ivhen  they  witnessed  a  natnral  phenomenon, 
removed  from  ordinary  analogies,  and  unexplained  by  any 
Btduaical  action  known  lo  them,  referred  it  (o  a  soul,  a 
qriritus]  or  preternatural  power :  thus  arol>er  and  the  magnet 
wen  supposed  by  Tbales  to  have  a  soul ;  the  functions  of 
4igeMion,  assimilation,  &c.,  were  supposed  by  Paracelsus  ti} 
be  pffecled  by  a  spirit  (the  Areh»us).  Air  and  gnaca  were 
also  at  first  deemed  spiritual,  but  subsequently  became  invest- 
ed with  a  more  material  character ;  and  the  word  gas,  from 
fritt,  a  ghost  or  spirit,  affords  us  an  instance  of  the  gradual 
ttMuraiwion  of  a  spiritual  yito  a  physical  conception. 

The  eatablishment  by  Torricelli  of  tie  ponderable  charac- 
ter of  air  and  gas,  showed  that  substances  which  had  been 
ihwiiiunl  spiritual  and  essentially  different  from  ponderable 
matter  were  possessed  of  its  attributes.  A  less  superstitious 
node  of  reasoning  ensued,  and  now  aeriform  fluids  were 
■hown  to  be  analogous  in  many  of  their  actions  to  liquids  or 
knoirn  fluids.  A  belief  in  (he  existence  of  other  6uids,  diHet^ 
■Dg  from  air  ai  this  dificrcd  from  water,  gretv  up,  aqd  when 
a  new  phenomenon  presented  il«elf,  recourse  was  had  to  a 
t^fpoth«dc  Smd  for  explaining  the  phenomenon  and  o 


^  "a  ^r-ji  **.zb?«  iK  irind  rsce  yocMawd  of  die  idea  of  a 
r^M,  '•L'.r:  z-'-isc-i  s  'rri  rhis  znsccaeaij  powen  and  proper- 
:t&>^  ur^  r'^'.i.'*!  ir^rz  .i  i  jzxrraccs  TcsvetatioiL  of  imagmaij 

'::  *  lii  1  1^  ir-r?  :i:r?"ri:ix  re  I  wish  to  goard  myself 
T-ui  "*!  --C  '«r^-^^;  ~:  ^cir^;  "^ai  :be  theory,  historicallj 
-.■*-:•..  .1.  T-*i  ^rjssrL"  ^'i  I:xzis  •::  the  diMoreriee  which 
*'  -  5.  --.li-.  .:  -ia^^j:^  :c?  :hjraAr:er:  somedmeB  a  di»- 
•  -  -  r*'.-;'.':'!^  ».  t::c.''  :izi^f?  r  «c«^!eeds  lo  a  change  in  the 
,-  --  -u  •  ur^  .  -•  '1:^::  ■  ?czM~ie«.  and  perhaps  most 
—  .   -.  >  -L^   *\  i^ — .  i.  Hi  liiccTery  is  ihe  result  of  a 

t  -.-.    .*     .         iC    i-^:    *  ■^'-'  .•':Ji±i::iII J  improved  methods 

.X  --..-.  ■.  _-.  t  iti  :ra.k'.  j:  5Crs:ir:h.en5  and  extends  the 

-.  •-    -  -.^:    ■■-  I  '''-"t'-s  th^  phases  of  thou^t 

t  '  ^  -  's.-i*iis*7>  ":a-;  r:-^;  :iir':'aLrfa.  will  be  foond 

.•.'.-        --.        >        vj   .    ::  i:  .':i:i*i.  A=.i  iLiC  the  gradual  a^ 

■■  -''•  ■  >*•     .  "'->  "V  ;.•:■:  2j^  Tike-  rl^ce  during  the 

;^  ^  -  -•  -.  V  •  >H  '  -^  •  ^  ::^  TTzj.:  ;»rkts  can  be  produced 
^-     '  -...>v^   •..  .:■.     \?  ^i?"'—;   li'-viiti?  to  a  general 

.^    w.  ■. >^  •     •..•   \  2  '..1  u^;  ::*  the  imponderable  fluids 

^    .  V   v   ..    ^     !    ..o.'.r":.  7-  X*  iz  izitiaring  force,  we 

A  -'...'      -v.: ■>.••.:  :  -  ::  ji  v-irlous  forms;  for  in- 

»*:..  v\ .  -v   1   •-*.•'.•.•-•.•.  .1.:.*  :*:c;il*:ci  c:'  v?odics.  evidenced  by 

i.vv.  ^  .  kv  '.r-.'.v  v-^  >*;oI:  xj  :"^:  ::"  Cu±bertson,  where 
'iw  \\      ..•.>a»v>  \.^.    .1  .■■■,■•:  ,*;•  .    ."-c   r'Citioa  of  ihe  fly-wheel, 

^KsK.  •     j:   .'l   .\.o7'r±l  ^.'Tul^ii::!.  4Z\i  the  deflection  of 
-ik.^  ^?*-N  V '..  ►X*.-  •    •o.'.'.c*  jl:v  dL:?c  zioo^s  of  palpable,  visible 

I.  «.'..*.*,  •.•,**'..*'%.  ■'.v-u  il*.^*  r\?isori:sg  in  this  essay,  that 
>i\-.u"-.  ^v.v  v..^  *,vr'Vrv^  a'-'.v  tttechdnioal  work  which  does 
V.',  v  .•.'•'  .*  .Iv  •.vAw'-?.-v.c.  o'..v*;r;oaI  power  is  lost.  It  would 
Iv  v.'.',>i-^i.,iV*A*  u»  '.ho  *kViv  0:  :h.i*work  to  jiive  the  mathemati- 
cal  Ulvur*  ot*  M.  Cu&usirwS  aud  others  here ;  but  the  follow- 
ing oxperimenc,  which  I  devised  for  matiTi^  the  i^ssult  evi- 
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dsat  to  Ka  andieoce  at  the  'Royal  Inatitntioii,  nill  form  a 
VBefnl  fflnstration  i — A  Lejden  jar,  of  one  square  loot  coaled 
•nriace,  haa  ita  interior  coanected  with  a  Cuthbertson's  eleo 
bometer,  between  which  and  the  outer  coaling  of  the  jar 
•re  a  pair  of  discharging  balls  fixed  at  a  certain  distance 
(about  half  an  inch  apart).  Between  the  Leyden  jar  and 
tiie  prime  condnctor  is  inserted  a  small  unit  jar  of  nine  inches 
snriaoe,  the  knobs  of  which  are  0'2  inch  apart. 

The  balance  of  the  electrometer  is  now  lixcd  hj  a  stiff 
■win  inserted  between  the  attracting  knoba,  and  the  Leyden 
JBT  diarged  hj  discharges  from  the  unit  jar.  Af\er  a  certain 
Bomber  of  these,  say  twenty,  the  discharge  of  the  large  jar 
tak«s  place  across  the  half  inch  interval.  This  may  be 
viewed  as  the  expression  of  electrical  power  received  from 
ibe  unit  jar.  The  experiment  is  now  repeated,  the  wire 
between  the  balls  having  been  removed,  and  therefore  the 
'  tip,'  or  the  raising  of  the  weighl,  is  performed  by  the  electri- 
cal repulsion  and  attraction  of  the  two  pairs  of  balls.  At 
twatiy  discharges  of  the  unit  jar  ihe  balance  is  subverted, 
and  one  attracting  knob  drops  upon  the  other ;  but  tiq  dU- 
(Aarge  lalce$  place,  showing  that  some  electricity  has  been  lost 
or  coaverted  into  the  mechanical  power  which  raised  the 
twl&oce. 

By  another  mode  of  erpresaion,  the  electricity  may  be 
■nppooed  to  be  masked  or  analogous  to  latent  heat,  and  it 
would  bo  restored  if  the  ball  were  brought  back  without  di»- 
diargB  by  extraneous  force.  If  the  discharge  or  other  elec- 
trical efiects  were  the  same  in  both  cases,  then,  since  the 
taising  of  the  hall  or  weight  is  an  extra  mechanical  effort, 
and  since  the  weight  is  capable  by  its  fall  of  producing  elec- 
tricity, beat,  or  other  force,  it  would  seem  that  force  conld  be 
got  out  of  nothing,  or  perpetual  motion  obtained. 

The  above  experiment  is  snggestive  of  others  of  a  similar 
dtaracter,  which  may  be  indefinitely  varied.  Thus  I  have 
toand  thftt  two  balls  made  to  diverge  by  electricity  do  not 
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glv»  tQ  w  dbolvoBWtar  Am 

d»  if;  wkilsi  flimflarij  cJedQjAad,  Ifaq^an  ia^  iMBd^ 

gether.    This  eaqwrimentMtlMroottwwBof  &• 

Xbere  is  a&  adfantaee  in  ulcrtrical  .wgpwrinwmli  «f  tiUta^ 

M  compared  with  thoee  on  heaty  vis.  timfe  liioiig^  iSb/tn4m'wm 

perfect  imnlatimi  for  eleciricitj,  jbI  our  ■wnii  rf  hmU^ 

tjon  are  iwincairoramy  Bopcrior  to  my  attaiiiaiiia  fce  hart    *'■' 

Electridly  direoUj  produces  kmif  as  flbown  in:  tiia-tpilsir 
wire,  Hie  electric  spark,  and  tin  ToUaie  arec  ialbaJaller 
Hie  most  intense  heei  with  whioii  we  are  acgnsinfadi  n  ao  ini' 
tense,  indeed,  that  it  cannot  be  measnred^as  aretjaeviioC. 
matter  is  dissipated  by  it,  ::   ;:^    ; 

In  the  phenomenon  of  dbiliiisl  ignitioii,  as  sLawntyag 
heated  coi\jnnctiye  wire,  the  rdation  of  Ibroe  and  isiisisnisej 
and  the  corrdatiye  character  of  the  two  forces,  ekdrisi^aal^ 
heat,  are  strikingly  dem<mstrated«    Let  a  thin  wive  of  plalft^ 
nnmjoin  the  terminals  of  a  ydtodc  battery  <rf  suitable  powai', 
the  wire  will  be  ignited,  and  a  certain  amonnt  of  diemicaji 
acticm  will  take  place  in  the  cells  of  the  battery— « <^fc«k» 
qoantityof  idnc  being  dissolved  and  of  hydrogen  •^^-■^■*ftttif 
in  a  given  time.    If  now  the  platinnm  iHre  be  immarsed  fa- 
water,  the  heat  will,  from  the  drcnlatmg  currents  of  the 
liquid,  be  more  rapidly  dissipated,  and  we  shall  instaatfrplai 
that  the  chemical  action  in  the  battery  will  ba  increased,  mora 
sine  will  be  dissolTed,  and  more  hydrogen  eliminated  te  A* 
same  time ;  the  heat  being  oonyeyed  away  by  Hia  waMty 
more  chemical  action  is  required  to  generate  It,  jost  as 
fuel  is   required   in   proportion   as    evapoTatictt   is. 
rapid. 

Beyerse  the  experiment,  and  instead  of  placing  Hia-wiMi 
in  water,  place  it  iu  the  flame  of  a  spirit  loop,  so  thai  Aa 
force  of  heat  meets  with  greater  resistance  to  its  dissipation. 
We  now  find  that  the  chemical  action  is  less  than  in  the  fat 
or  normal  experiment.  If  the  wire  ba  placed  in  othsv  difc^ 
ent  gaseous  or  liquid  media^  wa  shall  find  that  thaalMallaal 
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Mtfoa  of  li)«  battery  will  be  proportioned  to  the  facility  with 
ifUck  Ihe  boat  is  ciiTDlslcd  or  radiated  by  these  media,  and 
In  thna  eBtabliab  an  itlterDBtiiig  reciprocity  of  action  between 
AaM  two  forces :  a  similar  reciprocity  may  be  established 
between  electricity  and  motion,  m&gnetism  and  motion,  and 
so  of  other  forces.  11'  it  cannot  be  realised  with  all,  it  in 
probably  because  we  have  not  yet  eliminated  interfering  ac- 
tion*. If  we  carefully  thiuk  over  the  matter,  we  shall,  nnlesa 
1  am  mncfa  mistaken,  arrive  at  the  conclusion  that  it  cannot 
bt  otherwise,  nnlesa  it  be  supposed  that  a  force  can  arise  from 
nothing;— can  exist  without  antecedent  force. 

Id  the  phenomenoii  of  the  voltaic  arc,  the  electric  spark, 
Ac.,  to  which  I  have  alreadj^  adverted,  electricity  directly 
prodoces  light  of  the  greatest  known  intensity.  It  directly 
|»iodnces  Tnagnetism,  as  shown  by  Oersted,  who  first  distinctly 
proved  the  comiection  between  electricity  and  mafi;netieni. 
Tboae  two  forces  act  upon  each  other,  not  in  straight  lines, 
OS  all  other  known  forces  do,  but  in  a  rectan^ar  direction ; 
that  is,  bodies  affected  by  dynamic  electricity,  or  the  conduila 
of  an  electric  current,  tend  to  place  magnets  at  right  angles 
to  them ;  and,  conversely,  magnets  tend  to  place  bodies  con- 
ducting electricity  at  right  angles  to  (hem.  Thna  an  electric 
current  appears  to  have  a  magnetic  action,  in  a  direction 
cutting  its  own  at  right  angles ;  or,  supposing  its  section  to 
be  a  circle,  tangential  to  it :  if,  then,  we  reverse  the  position, 
and  make  the  electric  current  form  a  series  of  tangenta  to  aa 
imaginary  cylinder,  this  cylinder  should  be  a  magnet.  This 
ii  effected  in  practice  by  coiling  a  wire  as  a  helix  or  spiral, 
and  this,  when  conducting  an  electrical  current,  is  to  all  in- 
tenia  and  pnrposea  a  magnet.  A  soft  iron  core  placed  within 
Bueh  a  helix  has  the  property  of  concentrating  its  power,  and 
then  we  can,  br  connection  or  disconneciiow  with  the  source 
of  electricity,  instantly  make  or  tinmahn  a  most  powerful 
magnet- 

We  may  figure  to  th«  mind  electrified  and  magnetised 
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B  inU  be  MffllML  tQ 

As  ponti  o  and  D,  and  flit  Bba  Jk 

Iibbgd;  aadaoyif  As  liqMbe 

win  littfo  tfpo  fodnauliM  fir 

As  odiar.    If  As  Hm  of  matter 

a  liqpid,  and  eonaaqwDlItf  hams 

m  witJnmwMi  aonnement  wiUbe 


la  irodTai  a  faagwit  fion  Hie  magnet: 

m  MiilalMwl  ifatar  on  the  poke  of* 
the  teniinab  of  a  Tollaie  battnj 
ii  iW  Mifaii  jmt  abvre  the  aagnetie  poke,  so  thai  the  linaa 
rf  <linakirf  and  of —gpniani  coincidii ;  the  ifatar  .will  noir 
ntMNM  a  iyi>Hiagnt  at  i|^  ne^aa  to  this  line,  flowii^  oqn- 
liakMH^r^  a»  it  bkivB  bnr  an  eq[aatorhil  wind,  "a^iidi  may  be 
aaHiil^  «aM  vw  wMt  widi  refeicnee  to  the  magnetic  polee  bjr 
dNr^j:  tl»  jiw<<iionof  tfceelectiiealcgrra^  a  similar  efibet 
aM^  W  wv^ilifeiKd  widi  mereoij.  These  cases  afiord  an 
aMitiyatfcl  arf^tuam  to  Aeae  prariooslj  mentioped  of  the 
|4fftkW  ^'^  vMisarr  Keiafg  aftdcd  Ij  the  forces  ci  electikitf 
«a4  w>ii^itrt?ai   m  a  war  ineconnlahle  with  the  fluid  or 

W  n<|€<>wnitatkin  of  tiansrarse  direction  b j  magnetiBm 
auMl  <4M«nc^  affMn  lo  haTS  kd  Coloidge  to  parallel  it  bjr 
ll^  tv«n*v^mi^  «sfansion  of  iMtler,  or  length  and  breadth, 
Akmi^  W  ii^wnhl  ihi»  paiaUsl  br  adding  galvanism  as  depth: 
wWtWr  a  third  &>it«  fNUMs  which  maj  bear  this  relatiQii  to 
ii^K^rw^  and  magnetini  is  a  qnsstnm  iqion  wbidi  we  haTO 

Itie  ratio  which  the  attraetife  magnetic  force  pcodaced 
b<MMr«  t\'^  the  ek<tric  cnirent  prodocing  it  has  been  invastiigat 
ed  by  muaj  aiiisf  tmsniaKsts  and  mathsmstlcisni     The  data 
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tare  wo  numerous  and  so  yariable,  that  it  is  difficnh  to  arriTe 
•t  definite  resolts.  Thus  the  relative  size  of  the  coil  and  the 
iron,  the  temper  or  degree  of  hardness  of  the  latter,  its  shape, 
or  the  proportions  of  length  to  diameter,  the  number  of  coils 
eui'founding  it,  the  conducting  power  of  the  metal  of  whidi 
the  coils  are  formed,  the  size  of  the  keeper  or  iron  in  which 
magnetism  is  induced,  the  degree  of  constancy  of  the  bat- 
tery, Ac,  complicate  the  experiments. 

The  most  trustworthy  general  relation  which  has  been  as- 
eertained  is,  that  the  magnetic  attraction  is  as  the  square  of 
tlie  electric  force ;  a  result  due  to  the  researches  of  Lcnz  and 
Jaeobi,  and  also  of  Sir  W.  S.  Harris. 

Lastly,  electricity  produced  chemical  affinity ;  and  by  its 
agency  we  are  enabled  to  obtain  effects  of  analysis  or  synthe- 
os  with  which  ordinary  chemistry  does  not  furnish  us.  Of 
tiiese  effects  we  have  examples  in  the  brilliant  discoTcries,  by 
Davy,  of  the  alkaline  metals,  and  in  the  peculiar  crystalline 
oonqKnmds  made  known  by  Crosse  and  BecquereL 


1y  4mcrrxor  m  "iu  majtix  of  Ln^nr.  k  will  be  wdl  to  d»* 

iflMBi  n    neur*-.  ibi  oEkis  m  wiudb.  tbe  term  pobaiaatitm 
wm-  Mvn  viiiiif*L 

W^nfii  ii^t:  «L  ?isdiK*»i  ±«nir  die  sariacm  of  water,  ^mbBj 

jc  lotay  nittsr  izM<iiiu  x  unaszoics  a  dliAn^e  which  disftbleB  it 

i«tm  7v*.n:r  if^un.  -sumlBEi^  redecnd  xel  a  dncctioo  aft  r^^ 

4iiiptr«  t;    iiac    ti:    -rrxnrn.   x   3i»   bie«a   originallT   reflected. 

Z^t\  ^*   LiVi*7.u*i  2^  5u^ii  Kj  >«!  pv^IxiHsed :   it  win  always  be 

.:*smk«iif  m'  jv<n:r  ':^!di!«.*tifi  ui  piiuje^  parmlLel  to  the  plane  in 

"vai^?!  t  iikf  ;iwti  ii7!C  rsihicoAL  Tfsc  incapable  of   being  re- 

hiv^M  n  ^laouf  AC  T-jTic  lazpes  v  dkas  plane.      At  planes 

xa**nir  i  iiris^'ccii  "ncgnnnffiify  >i:w«ezL  the  original  plane  of 

7«6^.*o.■TIl.  A3«L  ft  TUftOtf  AC  ri^dtc  ;ft3j£!es  to  it«  the  light  wOl  be 

^-a^tt^^iVf  .1:'  >«r3:r  TttrrsiJT  rtsrhfcced.  azd  more  or  less  so  ac-> 

^vc^'ixir  AS  ;;itf  irr^-ccc  .*c  Uie  Mv-ccd  piane  of  reflection  is 

3&>r«  .*r  >:»  .vciv-T»Sfiic  wiui  Uie  ocwsal  plane.     JJ^bty  again, 

vV^  7«jw<i  rir'.-isfa  a  «.-r7:«caI  o£   Iceland  spar,  is  what  is 

*^fT»i^i  S.HL:or  T^fCTAcsed.  L  < .  fr£it  into  two  dirisions  or  beams, 

MK*OL  MT*.^  SJL.-:  t2tf  ^z~:30isc7  cc  the  original  incident  light ; 

*4K->.  .'C  :b!<«  >*fa=tf  i*  pouArised  in  planes  at  right  angles  to 

<«c^»  v^b<r :  Aiid  i:  ^5  ^  interv-epced  br  the  mineral  tour- 

nwdir^^  0:::^  v*^'  ^B^  ^  alwrlied.  so  that  only  one  polarised 

l^aaa  eiaer««4^    Similar  edicts  mar  be  prodaeed  br  certain 
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r  nfleotiam  or  refractions.  A  ray  of  lig^t  onoe  poloriv 
'■d  in  a  certain  plane  condnnes  so  affected  tliroa^oot  ita 
whole  Bubseqaent  coarse  ;  and  at  aoj  indclinilc  distance  from 
(be  point  where  it  origiually  underwent  liie  change,  the  di- 
rection of  iho  plane  wiJl  be  the  same,  provided  the  media 
through  which  it  is  transmitted  be  air,  water,  or  certain  other 
transparent  substances  which  need  not  be  enumerated.  If, 
howeTer,  the  polarised  ray,  instead  of  passing  through  water, 
be  made  to  pass  through  oil  of  turpentine,  the  definite  direc- 
twn  in  which  it  is  polarised  wilt  be  found  to  be  changed ;  and 
the  change  of  direction  will  be  greater  according  to  th» 
length  of  the  column  of  interposed  liquid.  Instead  of  being 
oQ  uniform  plane,  it  will  have  a  curvilinear  direction, 
liiFi'tp''  to  that  which  a  strip  of  card  would  have  if  forced 
ftlong  two  opposite  grooves  of  a  rifle-barrel,  This  curious 
efied  is  produced  in  different  degrees  by  different  media. 
Tha  direction  also  varies  ;  the  rotation,  as  it  is  termed,  being 
Mmetimcs  to  the  right  hand  and  sometimes  to  the  left,  accord- 
ing to  the  peculiar  molecular  character  of  the  medium  through 
which  the  polarised  ray  is  transmitted. 

Light  is,  perhaps,  tliat  mode  of  force  the  reciprocal  rcla- 
liiHiS  of  which  with  the  others  have  been  the  least  traced 
out.  Until  the  discoveries  of  Niepce,  Daguerre,  and  Talbot, 
v«ry  little  conld  be  definitely  predicated  of  the  action  of  light 
ia  prodocing  other  modes  of  force.  Certain  chemical  com- 
pounds, among  which  stand  pre-eminent  the  salts  of  silver, 
hftve  the  property  of  suffering  decomposition  when  exposed 
to  light.  If,  for  instance,  recently  formed  chloride  of  silver 
be  Bubmitled  to  luminous  rays,  a  partial  decomposition  cn- 
Saes ;  the  chlorine  is  separated  and  expelled  by  the  action  of 
li^it,  and  the  silver  is  precipitated.  By  this  decomposition 
tiw  colour  of  the  subatance  changes  from  white  to  blue.  If 
tKTw,  paper  be  impregnated  with  chloride  of  silver,  which  can 
b*  done  by  a  simple  chemical  process,  then  partially  covered 
with  an  opaque  aubatance,  a  leaf  for  example,  and  exposed  to 
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a  Strong  light,  the  chloride  will  be  deoompoeed  in  all  Jbtim 
parts  of  the  paper  where  the  li^t  is  noi  intercepted,  and  wa 
shall  have,  hy  the  action  of  light,  a  white  image  of  the  leaf 
on  a  pnrple  ground.  If  similar  piq)er  be  placed  in  the  fixsoa 
of  a  lens  in  a  camerarobscora,  the  objects  there  depicted  will 
decompose  the  chloride,  just  in  the  proportion  in  which  thej 
are  Inminoos ;  and  thus,  as  the  most  luminous  parts  of  the  inn 
age  will  most  darken  the  chloride,  we  shall  have  a  picture  of 
the  objects  with  reversed  lights  and  shadows.  The  picture 
thus  produced  would  not  be  permanent,  as  subsequent  oj^km- 
ure  would  darken  the  light  portion  of  the  picture :  to  fix  ]ft| 
the  paper  must  be  immersed  in  a  solution  whidi  has  the  pro- 
perty of  dissolving  chloride  of  silver,  but  not  metallic  aHver* 
Iodide  of  potassium  will  effect  this;  and  the  paper  being 
washed  and  dried  will  then  preserve  a  permanent  image  of 
the  depicted  objects.  This  was  the  first  and  simple  process 
of  Mr.  Talbot ;  but  it  is  defective  as  to  the  purposes  aimed 
at,  in  manj  points.  First,  it  is  not  sufficiently  sensitive,  x^ 
quiring  a  strong  light  atid  a  long  time  to  produce  an  image; 
secondly,  the  lights  and  shadows  are  reversed ;  and  thirdly, 
the  coarse  structure  of  the  finest  paper  does  not  admit  of  the 
delicate  traces  of  objects  being  distinctly  impressed.  These 
defects  have  been  to  a  great  extent  remedied  by  a  process 
subsequently  discovered  by  Mr.  Talbot,  and  which  bears  his 
name,  and  which  has  led  to  the  collodion  process,  and  others 
unnecessary  to  be  detailed  here. 

The  photographs  of  M.  Daguerre,  with  which  all  are  now 
familiar,  are  produced  by  holding  a  plate  of  hig^y-polished 
silver  over  iodine.  A  thin  film  of  iodide  of  silver  is  thna 
formed  on  the  surface  of  the  metal ;  and  when  these  iodiaed 
plates  are  exposed  in  the  camera,  a  chemical  alteration  takes 
place.  The  portions  of  the  plate  on  which  the  light  has  imi- 
pinged  part  with  some  of  the  iodine,  or  are  otherwise  changed 
— ^for  the  theory  is  somewhat  doubtM — soas  to  be  capaMe 
of  ready  amalgiunation.    When,  therefore,  the  plate  is  ^aoed 
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r  the  vapour  of  beated  mercury,  the  mercnry  attaches  it- 
'  "ieir  to  the  portions  affected  by  light,  and  gives  them  a  white 
frosted  appearance ;  the  intermediate  tinta  are  leas  affected, 
and  those  parts  where  no  light  has  fallen,  by  retaining 
thur  original  polish,  appear  dark ;  the  iodide  of  silver  is 
then  n'ashcd  off  by  hyposulphite  of  soda,  which  has  the 
property  of  dissolving  it,  and  there  remains  a  pictnre 
in  which  the  lights  and  shadows  are  as  in  nature,  and  the 
molecolar  uniformity  of  the  metallic  surface  enables  the 
most  microscopic  details  to  be  depicted  with  perfect  accu- 
racy. By  using  chloride  of  iodine,  or  bromide  of  iodine, 
instead  of  iodine,  the  equilibrium  of  chemical  forces  is  ren* 
dered  still  more  unstable,  so  that  images  may  be  lakcu  in  an 
indefinitely  short  period — a  period  practically  instantaoeoas. 

It  would  be  foreign  to  the  object  of  this  essay  to  enter 
upon  the  many  beautiful  details  into  which  the  science  of 
photography  has  branched  out,  and  the  many  valuable  discov- 
eries and  practical  applications  to  which  it  has  led.  The 
abort  statement  I  hare  given  above  is  perhaps  superfluous,  as, 
though  they  were  new  and  surprising  at  tlio  period  when  these 
Ijectures  were  delivered,  photographic  processes  have  now  be- 
come familiar,  not  only  to  the  cidtivator  of  scienee,  but  to 
the  artist  and  amateur ;  the  important  point  for  consideration 
bere  is  that  light  will  chemically  or  molecularly  afiect  mat- 
ter. Not  only  will  the  particular  compounds  above  selected 
aa  instances  be  changed  by  the  action  of  light ;  but  a  vast 
nomber  of  substances,  both  elementary  and  compound,  are 
notably  affected  by  this  agent,  even  those  apparently  the  most 
onatCerable  in  character,  such  as  metals  :  so  numerous,  in- 
deed, are  the  substances  affected,  that  it  has  been  supposed, 
not  without  reason,  that  matter  of  every  description  is  altered 
by  exposure  lo  light. 

The  permanent  impression  stamped  on  the  molecules  of 
matter  by  light  can  be  made  to  repeat  itself  by  the  same 
agency,  but  always  with  decreasing  force.     Thus  a  phoK^ 
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0niph  pboed  opposilo  a 

vffl  be  reprodnoed,  bat  if  liw  rise  of  A»  inagr  te 

fha  pielnre,  the  eeoond  pktm  win  be  hunter  ikm  Hie 

end  80  on.    Thne  again,  a  phoCografli  teken  o»  a  MB  di^i 

eaoaoi»  by  being  plaoed  in  bri^^  ■»"■>»<«•  be  made  to 

dnoe  a  eeoond  idiotogn^  of  the  anneBiaeaBd 

Ij  mavked  thui  itself;  I  at  least  bare  nater 

mdi  xepfodnotionf  and  I  am  not  awaie  ttMt  odMiti'hava^'lha- 

image  keesinintensiljaBlii^iteelfdoeebjeaeii 

iion«    Tlie  snrfiuse  of  the  metal  or  pi^ier  maj  gifa  a 

image  from  its  being  expoued  to  a  mofe  intense  Bf^'bnt^lhv 

photographie  details  are  limited  to  the  intsnatf  of  Aa 

in^ression,  or  rather  to  something  short  of  tills.    A 

of  theoretical  interest  arises  from  the  eonsiteation  a£ 

leprodnoed  photographs.    We  know  that  the  bimmnsity  of 

the  image  at  the  focos  of  a  telesoope  is  limited  bj  tiia 

of  the  object-glass.    Hie  image  of  ai^  gtven  d^eet 

be  intensified  by  throwing  npon  it  extraneous  light;  it-  is 

deed  diminished  in  intensify  and  when  fbr  oertain 

astronomers  illnminate  the  fields  of  iheir  telesoopea,  tliof  asa 

obliged  to  be  contented  with  a  loss  of  intensity  in  the  teleaeo|ia 

image.  ^ 

Now,  let  ns  suppose  that  the  minutest  details  in  thalmsBa 
of  ah  object  seen  in  a  given  teksoqpe,  and  with  a  given  pMr^ 
er,  are  noted ;  that  then  a  photographic  plate  is  placed  in  Aa 
focus  of  the  same  telescope  so  as  to  obtain  a  permaaant  'im- 
pression of  the  image  wfaicsfa  has  been  viewed  by  the  tijuffllsasi 
Could  the  observer,  by  throwing  a  beam  of  condeased'Hght 
upon  the  photograph,  enable  himself  to  bring  oat  ftaahdelaflsl 
(nr  in  other  words,  could  he  use  with  advantage  a  higher  pcm^ 
er  applied  to  the  illuminated  photograph? 

It  is,  perhaps,  hardly  safe  to  answer  a  j>rior»  this  quustioMl 
but  the  experiment  of  reproducing  |diotographs  would  seem  t^ 
diow  that  more  than  the  initial  light  cannot  be  got|  and  thai^ai^ 
cannot  expect  to  increase  telescopic  power  bj  ][ihr>iimnl(yi 


tboagh  wc  msy  render  observations  more  convenient ;  may 
bj  itfl  means  fix  images  seen  on  rare  and  fnvourable  occasions, 
uid  may  preserve  permanent  and  infiUliblo  records  of  (he 
past  stale  of  astronomical  objects. 

The  effect  of  light  on  chemical  compounds  aSbrds  us  a 
strikiiig  instance  of  the  extent  to  wfiich  a  force,  ever  active, 
may  be  ignored  through  successive  ages  of  philosophy.  If 
we  suppose  the  n'olls  of  a  large  room  covered  with  photo- 
gntphic  apparnliis.  the  small  amount  of  light  reflected  from 
du  fiMM  of  a  pcniOR  eilualcd  in  its  centre  would  aimnlti^ 
iwoti»ly  imprint  hia  portrait  on  a  multitude  of  recipient  aur- 
fiues.  Were  the  cameras  absent,  but  the  room  coated  with 
[dtotographic  paper,  a  change  would  equally  take  place  in 
every  portion  of  it,  though  not  a  reproduction  of  form  and 
figure.  As  other  substaocea  not  commonly  called  photo> 
graphic  are  knowu  to  be  affected  by  light,  the  list  of  which 
ni^t  be  indefinitely  extended,  it  becomes  a  curious  object  of 
contemplation  to  consider  bow  for  light  is  daily  operating 
cjuuigea  in  ponderable  matter — how  far  a  force,  for  a  long 
time  recognised  only  in  its  visual  effccla,  may  bo  constantly 
|in>dneing  changes  in  the  earth  and  atmosphere,  in  addition 
to  the  changes  it  produces  in  organised  stmclurcs  which  are 
now  be^^oning  to  he  extensively  studied.  Thus  every  portion 
of  light  may  be  supposed  to  write  its  own  history  by  a  change 
more  or  leea  permanent  in  ponderable  matter. 

The  late  Mr.  George  Stephenson  had  a  favourite  idea, 
which  would  now  be  recognised  as  more  philosophical  than  it 
was  in  his  day.  viz.  that  the  light,  which  we  nightly  obtain 
fron  coal  or  other  fuel,  was  a  reproduction  of  that  which  had 
at  one  time  been  absorbed  by  vegetable  structures  from  the 
Bmu  The  conviction  that  the  transient  gleam  leaves  its  per- 
maoent  impress  on  the  world's  history,  also  leads  tlie  mind 
to  ponder  over  the  many  possible  agencies  of  which  we  of  the 
pveseol  day  may  be  &s  ignorant  as  the  aucienls  were  of  the 
cbemical  action  of  light. 
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any  others ;  the  other  ooIootb  or  shades  of  oolonr  soik  Ae 
more  deeply  in  proportion  as  they  ahsorb  or  cause  to  disap- 
pear  the  more  light,  until  we  come  to  the  white  doth,  which 
remains  upon  the  surface.  The  heating  powers  of  different 
colours  are,  however,  not  by  any  means  in  exact  proportion 
to  the  intensity  of  their  light  as  affecting  the  visual  organs. 
Thus  red  light,  when  produced  by  refraction  from  a  prism  of 
glass,,  produces  greater  heating  effect  than  yellow  light  in  the 
phenomena  of  absorption,  as  has  been  observed  by  Sir  W. 
Herschel.  The  red  rays  appear,  however,  to  produce  a  dy^ 
namic  effect  greater  than  any  of  the  others ;  thus  they  pene- 
trate Water  to  a  greater  depth  than  the  other  colours ;  hut, 
according  to  Dr.  Seebeck,  we  get  a  further  anonialy,  viv. 
that  when  light  is  refrttcted  by  a  prism  of  water  the  yelknr 
rays  produce  the  greater  heating  effect.  The  subject,  there- 
fore, requires  much  more  experiment  before  we  can  ascertain 
the  rationale  of  the  action  of  the  forces  of  light  and  heat  in 
this  class  of  phenomena. 

In  a  former  edition  of  this  Essay,  I  suggested  the  foDow- 
ing  experiment  on  this  subject : — ^Let  a  beam  of  light  he 
passed  through  two  plates  of  tourmaline,  or  similar  stab- 
stance,  and  the  temperature  of  the  second  plate,  or  that  on 
which  the  light  last  impinges,  be  examined  by  a  delicate  thei^ 
niosci^pe,  first  when  it  is  in  a  position  to  transmit  the  polar- 
ised beam  coming  from  the  first  plate,  and  secondly  when  it 
has  been  turned  round  through  an-  arc  of  90^,  and  the  pola> 
iscd  beam  is  absorbed.  I  expected  that,  if  the  experiment 
were  carefully  performed,  the  temperature  of  the  second  plate 
would  be  more  raised  in  the  second  case  than  in  the  first,  and 
that  it  mi<r)it  afford  interesting  results  when  tried  with  light 
of  different  colours.  I  met  with  difficulties  in  procuring  a 
suitable  n]>paratus,  and  was  endeavouring  to  overcome  them 
when  1  found  that  Knoblauch  had,  to  some  extent,  realised 
thitt  result.  Ho  finds  that,  when  a  solar  beam,  polarised  in  A 
certain  plane,  is  transmitted  perpendicularly  to  the  axis  d  a 
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of  browQ  quarts  or  tourmaline,  the  heat  is  transmit- 
a  BDOftller  proportion  than  when  the  beam  pftssea  along 

direction  of  the  aiia  of  the  cryatal. 

It  ■■  generally — aa  far  as  I  am  aware,  universally — true 

I,  while  light  continaes  as  light,  even  though  reflected  or 
by  different  media,  little  or  no  heat  is  developed : 
mmI,  as  &r  u  we  can  judge,  it  would  appear  that,  if  a  me- 
dium were  perfeelly  transparent,  or  if  a  surface  perfectly  le- 
S^ned  light,  not  the  sUghlest  healing  cSect  would.take  place  ; 
but,  wherever  light  is  absorbed,  then  beat  takes  its  place,  af- 
fording us  apparently  an  instance  of  the  converBion  of  light 
into  heal,  and  of  the  fact  thai  the  force  of  light  is  not,  in  fact, 
absorbed  or  annihilated,  but  merely  changed  in  character, 
becoming  in  this  iualance  eonTerted  into  heat  by  impinging 
on  solid  matter,  as  in  the  instance  mentioned  in  treating  of 
heal,  this  force  was  shown  to  be  converted  into  light  by  im< 
ph^ing  on  solid  matter.  As,  however,  I  have  before  ob- 
■erv«d,  tliis  correlation  of  light  and  heat  is  not  so  distinct,  as 
mih  the  other  affections  of  matter.  One  erporimeut,  indeed, 
of  HeQoni,  already  mentioned,  would  seem  to  show  that 
tight  may  exist  in  a  condition  in  which  it  docs  not  produce 
healf  which  our  instruments  are  able  to  detect ;  but  some 
dovlM  has  recently  been  thrown  on  the  accuracy  of  this  ex- 
pecimieDt ;  probably  the  aubatauces  themselves  through  which 
the  light  is  transmitted  would  be  foiud  to  have  been  heated. 

The  recipient  body,  or  lliat  upon  which  light  Impinges, 
seeius  to  exercise  aa  important  an  influence  on  ovx  percep- 
tions of  light  as  the  emittent  body,  or  that  from  which  the 
light  first  proceeds.  The  recent  experiments  o.  Sir  John 
Herschel  and  Mr.  Stokes  show  that  radiant  impalies,  which, 
SklUiig  on  c«rtaii]  bodies,  give  no  effect  of  light,  become  In- 
milioiu  when  falling  on  otbcr  bodies, 

Tliiu,  lot  ordinary  solar  light  be  refracted  by  t-  prism  (the 
maltfial  for  which  is  quartx),  and  the  spectrum  r^ceivod 

s  she«t  of  paper,  or  of  white  porcelain ;  looking  un  tlw 


m 


exv  oBBea  ao  fifte  bmnd  the 
li.  iXK!:ni3:?E,  &z.  cpftqne  l^Ddr  be  interpoaed  bo  an  jait 

v  rz:  .-f  ii}i  v'ii:i[ii  ri&'ruc  fT^ecamzu  the  paper  would  be 
»CL  X  TL^isLui^  -vmi.  lit-  exrf  paon  of  some  filigfat  fllnmiii*- 
'om.  fr;cz.  iicLi  ytin'czs^  :t  \at  air  aad  smrooxiding  bodies. 
Smsj'Ti^i  ijc  iu^  pjciica.  cc  ibe  paper  which  was  bejond 
-QK  v>sI:ai£  fwr^z-zzL  &  pkrK  cc  pase  tinged  by  the  oxide  of 
irf^TtTiT.  &!>£  iti£    £ii&9e  25  T^zi'ecslv  risible  :  so  with  a  bottle 

^  w  •  ' 

i£  srrffiTifcv  ^:c  c^-.T.-^H .  re  cc  ".^  jmce  of  horseHshestnuta,  or 

WHZ,  pK^er  ft.>fck£^£  iL  iiri^fte  isszer  soluaoms.     Other  sobataneea 

exsJrc:  ir>«  f5««r:  iL  i^fre^u  octrees:  and  among  the  Bub- 

iBU>^f:»  'vijrit  UTv  T  ^'Tif r^o  'iM^a  cmsadexed  perfectly  ana]o> 

r.-f&fr  ii^  v:  UkffT  a^or Ara=»£«  wbea  illmninated,  notable  difieis 

e!i.*^«  x^    i:2io."r^»*i.      T^ns  ii  app^juiis  thai  emanationa 

w^iijol  r.T-^  =>:  iz:rc%ss:c  c:  Hfiix  :o  the  eye,  when  imping* 

zzz  :^  .>fr:iLz.  roi:3£js.  '':^-c^:e3e  hzminoos  when  impinging  on 

ccl-fr^     ^^~f  — ^'  izskziix  a  nx>m  so  constructed  that  amdi 

eTM^.^^rrii^  &l*:~.e   &re  T^rriined  to  enter  it«  which  wonld  be 

cark  :r  jlti:  A»':^-~g^  ;o  Ux  sabsxance  with  whidi  the  waDa 

w«re   c^:>&:£  i.  u..xi^!i  in  full  dsTlighi  the  respective  coatingi 

CI  '^  'Will*  'B- ::£.'!  *»eAr  eqiially  white  ;  or,  without  aker- 

ir^  uie  i-^'-^^tT-y  0:  ih-e  walls,  uie  room  exposed  to  one  claaa 

of  riV5,  "v-:^*  r^  rendered  d^rk  bv  windows  which  wonld  be 

tr«^?JLr>ei::  :o  an^iiier  class. 

L\  i=.s:edi  01  solar  Iigti;«  the  elecuical  light  be  employed 
IQY  similar  experiments*  an  equally  striking  effect  can  actually 
be  produced.     A  design,  drawn  on  white  paper  with  a  solu- 
tion ox*  sulphate  of  quinine  and  tartaric  acid,  is  iuTisible  by 
ordinary  light,  but  appears  with  beautiful  distinctness  when 
[nominated  by  the  electric  light.     Thus,  in  pronouncing  npaa 
^  luminous  effect,  regard  must  be  had  to  the  recipient  as  well 
as  to  the  emittent  body.     That  which  is,  or  becomes,  light 
when  it  falls  upon  one  body  is  not  light  when  it  fjalls  upon 
another.    Probably  the  retinae  of  the  eyes  of  different  pep- 
sous  differ  to  some  extent  in  a  similar  manner ;  and  the  same 
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nbflUace,  illQiniaated  by  the  eanie  epectnim,  may  present 
^JTerCDt  appearances  ti^  difl'erent  persons,  the  flpcctruiu  ap- 
pearing more  elongated  to  the  one  than  to  the  otber,  bo  that 
what  is  light  to  the  one  is  darkneas  to  the  other.  A  depend- 
cQM  on  the  recipient  body  may  also,  to  a  great  extent,  be 
|<t«dicated  of  heat.  Let  two  vessels  of  water,  the  contents 
of  the  one  clear  and  Iraneparcnt,  of  the  other  tinged  by  some 
nlonriBg  matter,  be  suspended  in  a  summer's  sun ;  in  a  very 
AoR  time  a  notable  difference  of  temperature  will  be  ob- 
Krved.  the  coloured  having  become  much  hotter  than  the 
dear  litpiid.  If  tlie  first  vessel  be  placed  at  a  considerable 
dtBtance  from  the  surface  of  the  earth,  and  the  second  near 
the  Burtace,  tlie  difference  is  still  more  considerable.  Carry- 
ing on  thiB  experiment,  and  suspeD<3ing  the  tirat  over  the  top 
of  a  high  mountain,  and  the  eecoad  ia  a  valley,  we  may  ob 
bill  10  great  a  difference  of  temperature,  that  animals  whose 
(vganiEation  is  euiicd  for  the  one  temperature  could  not  live 
m  the  other,  and  yet  both  are  exposed  to  the  same  luminous 
rm3r9  at  the  same  time,  and  substantially  at  the  same  distance 
from  tlie  emitient  body — the  substance  nearer  tiie  sun  is  in 
^^fcct  colder  than  the  more  remote.  So,  with  regard  to  tlie 
^^Kditun  transmitting  the  influence :  a  green-house  may  have 
^^^Bletnperalnre  considerably  varied  by  changing  the  glass  of 
^^^icb  its  roof  is  made. 

These  effects  have  an  important  bearing  on  certain  cos- 
mical  questions  which  have  lately  been  much  discussed,  aod 
should  induce  the  greatest  cantioa  in  forming  opinions  on 
such  subjecU  as  light  and  heat  on  the  sun's  surface,  the  tem- 
perature of  the  planets,  &c.  This  may  depend  as  much  upon 
their  physical  constitution  as  upon  their  diatance  from  the 
■on.  Indeed,  the  planet  Mars  gives  us  a  highly  probable  ar- 
gument for  this  ;  for,  notwithstanding  that  it  is  half  as  far 
again  Irom  the  sun  as  the  earth  is,  the  increase  of  the  white 

rat  itB  poles  during  its  winter,  and  their  diminuiion  dur- 
sammer,  show  that  the  temperature  of  the  sur&ca  of 
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itt  state  is  water, 

of  tbii  plansi  wiUi 

of  these  Tcrj  effects 

a  h^g^ilf  probar 


So  z  CY  a:  aaeaaf  siMeaBKih-  foDows,  thai  beeaoaa  Yenos 
»  2«arcr  so  ibe  a^  thaz  ^e  canh,  that  planet  ia  hotter  than 
o«r  po^.  The  ixte  emitted  br  the  son  maj  take  a  differ* 
cs:  ctiaraeter  as  the  sonKe  a£  each  difleienl  planet,  and 
require  d^Sereat  crzasistt  or  senses  for  its  ^ppredataoD. 
Myriads  oc  orsankcd  bein^  maj  exist  inqwroeptible  to  our 
Txaoo.  eren  it  ve  were  among  them ;  and  we  might  be  also 
impercepdbl«  to  them ! 

However  rain  i:  may  be.  in  the  present  state  of  scienoe, 
to  specolikte  npon  soch  existences^  it  is  eqoallT  vain  to  ^^""w"^ 
identity  or  close  approximations  to  onr  own  forms  in  thoee 
beings  which  may  people  other  worids.  From  analogical 
reasoning,  or  firom  final  causation,  if  that  be  admitted,  we 
may  feel  convinced  that  th^  gorgeous  globes  of  the  nniverse 
are  not  unpeopled  deserts ;  but  whether  the  denixens  of  other 
worlds  are  more  or  less  powerful,  more  or  less  intelligent, 
whether  they  have  attributes  of  a  higher  or  lower  class  than 
ourselves,  is  at  present  an  utterly  hopeless  guessing. 

Specific  gravity  and  intelligence  have  no  necessazj  con- 
nexion. On  our  own  planet  five  senses,  and  a  mean  densitf 
equal  to  that  of  water,  are  not  invariably  associated  with  ixk- 
teUectual  or  moral  greatness,  and  the  many  arguments  which 
have  been  used  to  prove  that  suns  and  planets  other  Ihan  the 
earth  are  uninhabited,  or  not  inhabited  by  intellectual  beings, 
might,  mutatis  miUandis^  equally  be  used  by  the  denizens  of 
a  sun  or  planet  to  prove  that  this  world  was  uninhabited. 

Men  are  too  apt,  because  they  are  men,  because  their 
existence  is  the  one  thing  of  all  importance  to  themselTeB,  to 
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rmed  for 
ho  does 


f  the  nniverae  as  though  it  wai 
man  alone  :  paicled  by  an  artist  of  tho  sun,  a  ma 
represent  so  prominent  an  object  of  creation 
when  represented  by  his  own  pencil. 

Light  was  regarded,  bj  what  was  termed  the  corpnscolar 
tbeoTy,.a5  being  in  itself  matter  or  a  specilic  fluid  emanating 
from  luminous  bodies,  and  producing  the  effects  of  sensation 
by  impinging  on  the  retina.  This  theory  gave  way  to  the  un- 
dnlatory  one,  which  is  generally  adopted  in  tho  present  day, 
And  which  regards  light  as  resulting  from  the  undulation  of  a 
specific  fluid  to  which  the  name  of  ether  has  been  given, 
wtkich  hypothetic  fluid  ia  supposed  to  pervade  the  universe, 
anil  lo  penetrate  the  pores  of  all  bodies. 

In  a  Lecture  delivered  in  January  1842,  when  I  first 
publicly  advanced  the  views  advocated  in  ibis  Essay,  I  stated 
that  it  appeared  to  me  more  consistent  with  known  facta  to 
regard  light  as  resulting  from  a  vibration  or  motion  of  the 
niolecules  of  matter  itself,  rather  than  from  a  spcciBc  ether 
pervading  it ;  jnst  aa  sonnd  is  propagated  by  the  vibrations 
of  wood,  or  as  waves  are  by  water.  I  am  not  here  speaking 
of  the  character  of  the  vibrations  of  light,  sound,  or  water, 
which  are  doubtless  very  difieront  from  each  other,  but  am 
only  comparing  them  so  far  as  they  illustrate  the  propagation 
of  force  by  motion  in  the  matter  itself. 

I  was  not  aware,  at  the  time  that  I  first  adopted  the 
above  view,  and  brought  it  forward  in  my  Lectures,  that  the 
celebrated  Leonard  Euler  had  published  a  somewhat  similar 
tbeory ;  and,  though  I  snggestod  it  williout  knowing  that  it 
had  been  previously  advanced,  I  should  have  hesitated  in 
reproducing  it  had  I  not  found  tbat  it  was  sanctioned  by  so 
eminent  a  mathematician  as  Euler,  who  cannot  be  supposed 
to  have  overlooked  any  irresistible  argument  against  it — the 
more  so  in  a  matter  so  much  controverted  and  discussed  as 
the  undnlatory  theory  of  light  was  in  his  time. 

Although  this  theory  has  been  considered  defective  by  a 
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I^iilosopher  of  high  repute,  I  eamiot  eee  the  fttee  ot 
ergimients  hj  whidb  it  has  heen  easailed;  end  thereftte, 
the  present,  though  with  diffidenoei  I  still  adhere  to  ik    The 
&ct  itself  of  the  correlation  of  the  different  modes  of  ibfee  is 
to  mj  mind  a  verj  cogent  argument  in  &Toar  of  their  Imag 
affections  of  the  same  matter';  and  thou^  electricity^  ipagnet* 
ism,  and  heat  might  he  viewed  as  produced  hj  nndolatkms  of 
the  same  ether  as  that  by  means  of  whidb  li|^  is  Binnioeefl  to 
he  produced,  yet  this  hypothens  oflfors  greater  drfBrnhirn  wiA 
regard  to  the  other  affections  than  with  regard  to  H^^ :  mamj 
of  these  difficulties  I  have  already  alluded  to  when  trealiqgof 
electricity ;  thus  conduction  and  non^xmduction  are  not  ex- 
plained by  it ;  the  transmission  of  electricity  throa|^  loog 
wires  in  preference  to  the  air  whidb  surrounds  themi  and^ 
which  must  be  at  least  equally  pervaded  by  the  ether,  is 
irreconcilable  with  sudb  an  hypothesis.    The  phenomena  ex- 
hibited by  these  forces  afford,  as  I  think,  equally  strong  evi- 
dence with  those  of  light,  of  ordinary  matter  acting  from  pai^ 
tide  to  particle,  and  having  no  action  at  a  distance.     I  haife 
already  instanced  the  experiments  of  Faraday  on  eleetrieal 
induction,  showing  it  to  be  an  action  of  contiguous  partidety 
which  are  strongly  in  &vour  of  this  view,  and  many  eiq^eti- 
ments  which  I  have  made  on  the  voltaic  arc,  some  of  wl^pli 
I  have  mentioned  in  this  Essay,  are,  to  my  mind,  confizm*- 
tory  of  it. 

If  it  be  admitted  that  one  of  the  so-called  imponderables  is 
a  mode  of  motion,  then  the  fact  of  its  being  able  to  ptodnea 
the  others,  and  be  produced  by  them,  renders  it  hig^dy  diA- 
cnlt  to  conceive  some  as  molecular  motions  and  others  as 
fluids  or  undulations  of  an  ether*  To  the  main  djrjectloii  of 
Dr.  Young,  that  all  bodies  would  have  the  properties  of  sdar 
phosphorus  if  light  consisted  in  the  undulations  of  ordinaiy 
matter,  it  may  be  answered  that  so  many  bodies  have  th&i 
property,  and  with  so  great  a  variety  in  its  duration^  fliai 
non  eomiat  all  may  not  have  it,  thou^  for  a  time  so  Aorl 
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that  the  eye  cannot  detect  its  doratioa.  M.  £.  Becquerel 
h»a  nude  many  experimeota  which  support  this  view  ;  i^e 
&ct  of  the  phosphoresce Dce  by  insolation  of  a  large  nurnher 
of  bodies,  is  ia  itself  evidence  of  ibe  matter  of  nbich  thej  are 
composed  being  thrown  into  a  state  of  undulation,  or  at  all 
events  molecularly  aHected  by  the  impact  of  light,  and  ia 
therefore  an  argament  in  snpport  of  the  view  to  which  objeo- 
lion  id  token.  Dr.  Tonng  admits  that  the  phenomena  of 
■olar  phosphorus  appear  to  resemble  greatly  the  sympathetic 
souuds  of  musical  instruments,  which  are  agitated  by  other 
loands  conveyed  to  them  through  the  air,  and  I  am  not  aware 
that  he  gives  any  explanatioD  of  these  efiects  on  the  ethereal 
hypothesis. 

Some  curious  cxperioicnts  of  M.  Xicpce  de  £t.  Victor 
Mem  also  lo  present  an  analo^^  in  luminous  phenomena  to 
qrmpathetic  sounds.  An  engraving  whiiHi  has  been  kept  for 
smne  days  in  the  dark  ia  half  covered  by  on  opaque  screen. 
Bad  then  exposed  to  the  sun  ;  It  ia  then  removed  from  the 
li^it,  the  screen  taken  away,  and  the  engraving  placed  oppo- 
witie,  and  at  a  short  distance  from,  photographic  paper :  an 
isverted  image  of  that  portion  of  the  engraving  which  has 
been  exposed  to  the  sun  is  produced  on  the  photographio 
p«per,  while  the  part  which  had  been  covered  by  the  screen 
ia  not  reproduced.  If  the  engraving,  aiter  espoaure,  is 
■llowed  to  remain  in  contact  with  white  paper  for  some  hours, 
■md  the  white  paper  ia  then  placed  upon  photographic  paper, 
»  hiat  image  of  the  exposed  portion  of  the  engraving  is  repro- 
duced. Similar  results  are  produced  by  mottled  marble  ex- 
posed t«  the  sun ;  an  invisible  tracing  on  paper  by  a  flaores- 
eeat  body,  sulphate  of  qninioe,  is,  al^er  insolation,  reproduced 
om  (he  photographic  paper.  Inaolated  paper  retains  the  power 
of  producing  an  impression  for  a  very  long  period,  if  it  is  kept 
in  an  opaque  tube  hermetically  closed. 

It  is  light  to  observe  that  these  effects  are  supposed  by 
■Maj  to  be  due  to  chemical  emauatioDS  proceeding  from  the 
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espoeedto  tlie  son,  and  wliidi  are  beliered  tohvra 
n^TSCTM  fome  chenucal  change  bj  this  ezpoeore.  It  is 
2.^^ — '■-—  *o  Avaxi  nxither  experiment  before  forming  a  decid* 


jeeies  in  the  progression  of  sound  and  li^it  are 
rrcs :  eadi  proceed  in  straight  lines,  until  inter- 
<*A  s»  redecced  in  the  same  manner,  the  ang^  of 
9c«  «ai  7«dexion  being  eqnal ;  each  is  altematelj  nnlli- 
Ni  in  intensity  br  interference  ;  each  is  capable 
c-acom.  v^s.  passing  firom  media  of  difierent  densilj : 
£c  litf^  cc  acGZkL  long  ago  theoreticallj  detenmned, 
late'  >w2  ;3Mrb3if!i£a21v  proved  by  Mr.  Sondhanss,  who  oon- 
^r-iow-^^  A  '.L'^:^  :f  il=:«  o:  coDodion,  which,  when  filled  with 
.'^-.x'o.v  K^  fsacuec  him  to  hear  the  ticking  of  a  watch 
r^ML^:?^:  -  :;>f  ?  VT2«  :f  u;!e  kss,  the  ear  of  the  experimenter 
>K  -^  :  -Tc  ;c?x>»£:if  socos.  The  ticking  was  not  heard 
v^.  T  ^^  ^-A.v^  ^nf  s^cTvd  aside  &om  the  focal  point,  though 
1  'I- -r.v  tv  • :  A.  jLT  5-:  .3*1  ii^sance  ^m  the  car.  An  experi- 
-riv-T.    -.   V    Vv-\-  jwsrjf*  isoeed.  to  show  an  effect  of  polari- 

'->v  -v* .  t»-iT.*vrA  rr^r«-:ec  bv  heat,  riewed  according  to 
:v  .^■^.i.T  V  :o-r^.  j^rroc  be  explained  by  the  motion  of  an 
:n>%-.->..v^^\c  jvior.  >c:  izTv*tv^  the  molectdar  actions  of 
.n-.  r.«.-  -v'iT\.v.."^\c  Ti*nfr.  The  doctrine  of  propagation  by 
i-.T%.u  :«.  i\->  ,\  .-i-ir.TJc^  rsAiter  i?  v\?ry  generally  admitted  by 
:s.-:<  '••K*  >s:;.vv^^  */>?  iys*2i3«d  iheorv  of  hcat ;  but  the 
*-v.v-,,-v-^  \  V  vcvicoaer*  rrewated  by  heat  and  light  are 
«.«  ,^v«3«.v  ^.^  ;  .*4c-s>.x  j^^  bcv  s  theory  applied  to  the  one 
-  ^-^^T.  >6YvN.iA-  -v*^  S:  Arci>Mibi<?  to  the  other.  When  heat  is 
.-♦..xr*>:  \Nv  -^..5^^Hv>:,  -^cr»v.*0(u.  or  polarised,  can  we  yiew 
v«  t'*  *.  -  %  Fv\*»  X'. :  oi'  oc"i.\:aarr  maner,  and  when  the  same 
,.»Vx*^  *vv  .»:,«A*  »:.>-  Irjii::*  ^iow  the  phenomena  as  pro- 
^>  vxN   >*   f     '\x\-svr»>if  ^:iwr.  and  by  that  alone? 

V   .•>>vn^x'*-.  »>a:    xrjLrjsedidUolv  occurs  to  the   mind  in 
tv-^N^Nv  w  %>v  ^>bN:r^  hy|wch<«is  of  li^t  is,  that  the  most 
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ponnu  bodicfl  are  opaque  ;  cork,  charcoal,  pumioe  Stono,  dried 
and  moist  wood,  &c.,  all  very  poroos  and  very  light,  are  all 
opaqoe.  This  objection  is  not  eo  superficial  as  it  might  seem 
at  fint  sight.  The  theory  which  afisumcs  tliat  light  ia  an 
undalation  of  nn  ethereal  medium  pervading  gross  matter, 
aasnines  the  distances  between  the  molecules  or  atoms  of 
matter  to  be  very  great.  Matter  has  been  likened  by  Demo- 
eritns,  and  by  many  modem  ptiilosophers,  to  the  starry  firma- 
ment,  in  which,  though  the  individual  monads  arc  at  immense 
1  from  each  other,  yet  they  have  in  the  a^regttte  a 
T  of  unily,  and  are  firmly  held  by  attraction  in  their 
FMpective  positiona  and  at  definite  distances.  Now,  if  matter 
be  built  up  of  separate  molecules,  then,  as  far  as  our  knowl- 
adge  extends,  llie  lightest  bodies  would  be  those  in  which  the 
moleeoles  are  at  The  greatest  distances,  and  those  in  which 
■1^  (mdalation  of  a  pervading  medium  would  be  the  least 
interfered  with  by  the  separated  particlea — such  bodies  should 
consequently  be  the  most  transparenl. 

If,  again,  the  analogy  of  the  starry  firmament  held  good, 
in  this  case  an  undulation  or  wave  proportioned  to  the  indivi- 
dual monads  would  be  broken  up  by  the  ntmiber  of  ihem,  and 
the  very  appearance  of  continuity  which  results,  as  in  the 
milky  way,  from  each  point  of  vision  being  occupied  by  one 
of  the  monads,  would  show  that  at  some  portion  of  its  pro- 
gress the  wave  ifi  interrupted  by  one  of  them,  bo  that  (ha 
whole  may  be  viewed  in  some  respect  as  a  sheet  of  ordinary 
matter  interposed  in  the  ethereal  expanse. 

Even  then,  if  it  be  admitted  that  a  highly  elastic  medium 
pervades  the  interspaces,  the  separate  masses  as  a  wholi3  must 
exercise  an  important  inflnence  on  the  progress  of  the  wave. 

Sound  or  vihrations' of  air  meeting  with  a  screen,  or,  as 
it  were,  sponge  of  dtfiiised  particles,  would  be  broken  up  and 
dispersed  by  ihem  ;  but  if  they  be  sufficiently  continuous  to 
take  np  the  vibration  and  propagate  it  themselves,  the  sound 
OOBtinaes  comparatively  unimpaired. 
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With  regard,  however,  to  liquid  sod  gaaeoos  1x>die8,  Hiera 
are  renr  greac  difficulties  in  viewing  them  as  oonsiating  of 
wparace  and  distant  molecules.  If,  for  instance,  we  Aiumm^ 
with  Toun^  that  the  particles  in  water  are  at  least  as  <i«g»*Ti^ 
com  each  other  comparatiTely  as  100  men  would  be  if 
f«rse^  at  equal  distances  over  the  surface  of  £ngland,  the 
tazLos  ot  th«je  particles,  when  the  water  is  expanded  into 
iCtfAm.  would  b<  increased  more  than  fertj  times,  so  that  the 
Kv  zaen  would  b«  reduced  to  two,  and  bj  further  increasing 
u:<('  :ecip«ranirv  this  distance  may  be  indefinitelj  increased ; 
aiMi.?^  :o  tbe  o:5ect5  of  temperature  rarefaction  bj  the  air- 
^  r;;=:ir^  v-e  siav  dL::3kin  increase  the  distance,  so  that,  if  we  as- 
$d:>f  my  orvrlnjl  dis:ance.  we  ou^t,  by  expansion,  to  in-> 
vT\-Jkf<  ::  :o  a  roi:i:  at  which  the  distance  between  molecule 
dku-.i  r.v;jc:>:ul<  «c.v:dLvi  become  measurable.  But  no  extent  of 
r*rcrjL ,••:;':?..  tk-":.i:j:,j7  by  heat  or  the  air-pump,  or  both,  makes 
:>.<  fl,jrV.:<:s:  v•l.Ji.:J^"  iz.  the  appar^m  continuity  of  matter; 
A~.;  c^k>c>,  1  r.v.A.  rvMi-  th.eir  peculiar  character,  as  far  as  a 
;.>.-^v,w.:  ,:'  ::  oiw.  ;^  :'>^rcied  from  its  etfect  on  the  electric 
<^*«fcr^.  :V.r.  v^jT;"..  v.:  A-y  cx:«;:i:  o:'  rarefaction  which  can  exper> 
i;".x*r,:AV.v  Vc  Avrlici  ;o  :l;o2i :  thus  the  electric  spark  in  prot- 
C.V.X.W  *:'  "..r.^cv-.  'r.owc'v,:r  anenuated,  presents  a  crimson 
:;:::,  '.I-.a:  ;v.  vArS.^-:::;  :xi-:c  a  ireenish  tiQt. 

\V::V,-,;:,  >.;wcvir,  t«:ori::i^  on  the  metaphysical  enquiry 
a5  :o  '.Iv  .vv.<,::u::v  r.  o:  uia::or  ^or  whether  the  atomic  phil- 
v>«v*y'.;#r*  or  ;>.c  :V"..^wer?  o:*  Bcvsoovich  are  right),  a  question 
^>.;x\'.  vroVaV'v  ;-.:;r:iAu  ai^rliances  will  never  answer:  and 
cvv:;  *o*;:v:;::v.i:  :".-.*:  A"  <:h«:real  medium,  not  absolutely  im- 
^x^iixwra^Ii*  A5  ASikrccd  by  luasy,  but  of  extreme  tenuity,  per- 
T*o.v5  :;\A::cr.  ii;:".I  or\l:::Arv  v»r  non-<? there al  matter  itself  must 
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o\orc'.!V  A  r.^\>:  ;::VfVr:ai:t  accion  upon  the  transmission  of 
I  u"-: :  avaI  IV.  W  •,::•..:.  w>.v^  orpoecd  the  theorvof  £uler,that 
lu'.'.  WA#  :rH*.:>:v*;',:Ok;  bv  uu aula: ions  of  :rross  matter  itself, 
;ii>;  A:^  s>*uv.v;  :<,  ^as  arU^rwards  obliged  to  call  to  his  assis- 
lauvv  (ho  \;bration5  ot'  thi?  ponderable  matter  of  the  refiracU 


ing  inedio,  to  e^Iain  why  rajs  of  all  coloura  were  not  equal- 
ly re&acted,  and  other  difficulties.  One  of  his  argumenU  in 
■DpptKt  of  the  exietence  of  a  pcmieating  clher  was,  "  that  s 
mefom  resembling  in  many  properties  that  which  has  been 
deDOminat«d  Ether  does  exist,  is  undeniably  proved  by  the 
pbeoomena  of  electricity."  This  seema  to  me,  if  Imayveo- 
ttm  to  say  so  of  aoytluDg  proceeding  from  so  eminent  a  man, 
scarcely  lo^cal :  it  is  supporting  one  hypothesis  by  another, 
sad  coDsidering  that  to  be  proved  ^rhich  ita  most  strenuoofl 
■dvocstes  admit  to  be  surrounded  by  very  many  difficulties. 

If  it  be  said  that  there  is  not  sufficient  elasticity  in  ordi- 
nary matter  for  the  transmission  of  undtilations  with  such  ye- 
lodty  as  light  is  known  to  travel,  tliis  may  be  so  if  the  vibra- 
tioDS  be  supposed  exactly  analogous  to  tboso  of  sound  ;  but 
that  molecular  motion  ean  travel  with  equal  and  even  greater 
Telocily  than  light,  is  shown  by  the  rapidity  with  which  elec- 
tricity traverses  a  metal  wire  where  each  particle  of  metal  is 
imdoabtedly  affected.  It  has,  moreover,  been  shown  by  the 
«^>eriinents  of  Mr.  Latimer  Clarke  upon  a  length  of  wire 
of  760  miles,  that  whatever  be  the  intensity  of  electrical  cur- 
renta,  they  are  propagated  with  the  same  velocity  provided 
(be  effects  bf  lateral  induction  be  the  same — a  striking  annl- 
ogf  with  one  of  the  effects  observed  in  the  propagaiioa  of 
light  and  sound.  The  eifects  observed  by  MM.  Fizeau  and 
Foocault,  of  the  slower  progression  of  light  in  proportion  as 
the  transmitting  medium  is  more  dense,  scorn  to  me  in  favour 
of  the  view  here  adi^ocated :  as  a  greater  degree  of  beat 
woold  be  produced  by  light  in  proportion  to  the  density  of 
the  medium,  force  would  he  thug  carried  off,  and  the  molecular 
system  disturbed  so  that  the  progress  of  the  motion  should  be 
more  slow ;  but  so  many  considerations  enter  into  this  question, 
BSd  the  phenomena  are  so  extremely  complex,  that  it  would 
be  rash  to  hazard  any  positive  opinion. 

Dr.  Toiing  ultimately  came  to  the  conclusion  that  it  waa 
nnpleflt  to  consider  the  ethereal  mediimi,  together  with  the 
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d  cie  wilwf  neg  as  conrtitating  togHiier  • 
{cmcci^ii  ^a=izi=.  aeaser  than  pure  ether,  hot  not  more  elas- 

periuruung 


IS  r£  XKS  vis  rnexn?  paper,  ghing  contiiniit7  to  the 
«  nf  frose  2ftzer.  as-i  in  the  interplanetarj  spaoes 
^•■'n  i-r"  3ai!'2i  :2if  ^wiisn  which  transmits  the  nndnlations. 

>ci«  »  T*rr^.>i  wi-sn  Hsnrshcns^  Enler,  and  Yonng,  the 
ihSifrf  X  ^  xzff^i&rcTy  theory,  ^yphed  their  great  minds  to 
a::»  n£rt«Kt.  a  isas  :s  ex>enmental  data  has  accnmnlated, 
aI  3if*Ttfr!y:r  ^^  fsciCOK.  :b*  proyc^siuon&.  that  whenever  matter 
-^-^r  ^  T?!5eircnr  luitit  undergoes  a  stmctural  change, 


'j:£^  :3«!if  s  af  f<t«>L  and  that  there  is  a  connection  or 

in  the  matter  and  the  diange 
Lversel J  that  light  will  modify 
.n:  .-Ci&rj?f  :ii<;  ^cm.-nr^;  of  maRer  and  impress  its  molecoles 

rraLz<r5irfZv-s-.  cofcrtrr.  r^sraction.  reflection,  and  colonr 
ws;r>r  ri-ezczi-^r^  E>:w:i  to  tie  andents,  but  sufficient  attention 
%>.>»  rcc  ArroLT  :o  h^Tv  Se^n  r>aid  bv  them  to  the  molecolar 
5:a:e«  r:  ih^  r«>£iTr5  rnxiacin^  these  effects ;  thns  the  trans- 
rarvncv  or  ."cacirr  .^£  &  S>2t  appears  to  depend  entirely  upon 
i:5  nioleouldkr  a^7:i:li^~mez:•  Ji  stnx  occor  in  a  lens  or  glass 
tiircijiii  w-iici:  obieot*  are  viewed,  the  objects  are  distorted : 
izcrea^  :he  :::zsiS:'r  ot'  these  striae,  the  distortion  is  so  in- 
\rredded  thas  the  objects  become  invisible,  and  the  glass  ceases 
to  be  tran5rare:::«  thoogh  remaining  translucent ;  but  alter 
con:q>IetelT  the  molecular  structure,  as  bj  slow  solidification, 
and  it  becomes  opaque.  Take,  again,  an  example  of  a  liquid 
and  a  gas :  a  solution  of  soap  is  transparent,  air  is  transpar- 
ent, but  agitate  them  together  so  as  to  form  a  froth  or  lather, 
and  this,  though  consisting  of  two  transparent  bodies,  is 
opaque ;  and  the  reflection  of  light  from  the  surface  of  these 
bodies,  when  so  intermixed,  is  strikinglj  different  from  its  re- 
flection before  mixture,  in  the  one  cose  giving  to  ^e  eye  a 
mere  general  effect  of  whiteness,  in  the  other  the  images  of 
objects  in  their  proper  shapes  and  colours. 
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To  take  &  more  refined  instance :  nitrogen  ia  perfectly 
c^oorleas,  oxygen  ia  perfectly  colourlcaa,  bat  chemiuaUy  uni- 
ted ia  certain  proportiona  they  form  nilroua  acid,  a  gaa  which 
baa  a  deep  orange  brown  colour.  I  know  not  how  the  col- 
our  of  this  gas,  or  of  such  gaaes  as  chlorine  or  vapoar  of 
iodine,  can  be  accounted  for  by  the  ethereal  hypothesis,  with* 
ODl  calling  id  aid  molecular  affections  of  the  matter  of  those 

Colour  in  many  instances  depends  upon  the  thickness  of 
tbe  plate  or  film  of  traasparent  matter  upon  which  light  is  in- 
odeot ;  as  in  all  those  cases  which  are  termed  the  coIoueb  of 
thtD  plates,  of  which  the  soap  bubble  affords  a  beautiful  in- 
atance. 

When  we  arrire  at  the  more  recent  discoveries  of  doable 
n&action  and  polarisation,  the  effects  of  light  are  found  to 
trace  oat  as  it  were  the  structure  of  the  matter  affected,  and 
tbe  erystalline  form  of  a  body  can  he  determined  by  the 
eflecia  which  a  minute  portion  of  it  exerciaes  on  a  ray  of 
ligbt. 

Let  a  piece  of  good  glass  be  placed  in  what  is  called  a 
P<dariACope,  or  insirument  ia  which  light  that  has  undergone 
polarisation  is  transmitted  through  tlio  substance  to  be  exom- 
ioedf  and  the  emergent  light  is  afterwards  submitted  to  anoth- 
er aubstaace  capable  of  polarising  light,  or,  as  it  is  termed,  an 
analyser ;  no  change  in  effect  will  be  observed.  Remove  the 
^•as,  heat  it  and  suddenly  or  quickly  cool  it  as  to  render  it 
anaiinealed,  in  which  state  its  molecules  are  in  a  state  of 
tsosioD  or  strain,  and  the  gloss  highly  brittle,  on  replociug  it 
in  (he  polariscopc,  a  beanlifu!  scries  of  colours  is  perceptible. 
Instead  of  subjecting  the  gloss  to  heat  and  sudden  cooling, 
let  it  be  bent  or  strained  by  mechanical  pressure,  and  the  col- 
ours will  be  equally  visible,  modified,  according  to  the  dirco. 
tion  of  the  flexure,  and  indicating  by  their  course  the  curves 
where  the  molecular  state  has  been  changed  by  pressure.  So 
if  tough  glue  be  elongated  and  allowed  to  cool  in  a  stretched 
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the  mnkiiCfe  c*:'  ziidbSE. 

Sobmii  A  Krk«  cc  cttujs  ^:  "Ui^  skzde  cxaadnaxkm,  and 
different  figures  wiH  *«  3:?zze£  'vj  ciBtresc  crrsxal*,  bearing 
a  constant  and  defi'.he  rr^jh::ii:c  ^  '^a  scransre  of  the  paitio* 
ular  crystal  examin«d.  a^i  >:  iiA  rz^sro  i:i  which,  with 
reference  to  crystalline  :or=^  ib^  ray  craaaH  the  crystal. 

In  the  crystallised  «al;5  o:  iKLr&iananc  acid«  M.  Pasteur 
noticed  two  sets  of  crynak  wLid  ver«  hrxnihedral  in  oppo- 
site directions,  i.  e.  the  crystals  ex  one  set  were  to  those  of 
tho  other  as  to  their  own  image  reflected  in  a  mirror ;  on 
lunkinj*  a  separate  solution  of  each  of  these  classes  of  crys- 
tal<i,  ho  I'ound  tliat  the  solution  of  the  one  class  rotated  the 
|Uauo  of  polarisation  to  the  right,  while  that  of  the  other 
oUj^  n)tati'<l  to  the  lef\,  and  that  a  mixture  in  proper  propor- 
lu^'.tii  of  the  two  solutions  produced  no  deviation  in  the  plane 
\N('  (s«l;irisat  ioii.  Yet  all  these  three  solutions  are  what  is  term- 
\M  i!»\>uuM*u\  that  is,  have  as  far  as  can  be  discovered  the  same 
%>>,x'».uu'rtl  «vii8titution. 

I-/.  *.l\o  Above,  and  in  innumerable  other  cases,  it  is  seen 

>t>xi.  A*\  Al;ora(ion  in  tho  structure  of  a  transparent  substance 

♦"^'V  -»  -V  X^ir.i\*tor  and  effects  of  the  transmitted  light.     The 

;nV  xv'v  .'*  o;'  rhotosrraphy  prove  that  light  alters  the  struc- 

.  V  .s   "\*.:vr  >ubu\ittod  to  it ;  with  regard  even  to  vision  it- 

N'  .x^^'^;^:c"»v  of  iinaijes  on  the  retina  of  the  eye  would 

'.'  v»N'^  -.Vxit  ;:*  struiiure  was  changed  by  the  impact 

';*'*       V  ;.;".:-.x*;»  impressions  being  as  it  were  branded 

^^  >  •  .*  ^  ■,'.  •.>o  i-.u^mory  of  the  vision  being  the  scar  of 
*«*.>  >.•*  a;  ;>o  >,-:<",:vv  of  photography  has  reference  main- 
N  *  XX  ,"^  X  Nv  *  N\Ns,  xvt  i*>^ro  are  many  instances  of  liquid 
xxvvs  X  Nv  v>  Vv,u  ch*:\sw*d  by  tho  action  of  light:  thus 


*^ 


\ 


*  *        »  \    *    x        •,       <  ,     ^■ 


.  A  *,n; ;;;,;.  u!vior3^x'S  a  chemical  change  and 
^  sxx  .  .  ^.  V  ,'*  \WAxVxv,i,<  vMmpound  by  the  action  of 
*  X  ^  x^>  V. .  V  *  N\  "^xMTN^cvn  pk!>os.  when  mixed  and  pre- 
^  '-  ^^»  ^'svvK  xV  ^M  Kni;cx  but  when  exposed  to  light 
^A  '  ^  lft«iM^  V^rochloric  add. 


I 


Tbe  abort  facta — and  many  others  might  have  been  given 

0  far  to  conoect  light  with  motion  of  ordinary  matter,  and 
to  efaoir  that  many  of  the  evidences  which  our  eenees  receive 
of  the  existence  of  light  resnlt  from  changes  in  matter  itsel£ 
When  the  matter  is  in  the  solid  stale,  these  changes  are  more 
or  leaa  permanent ;  when  in  the  liqaid  or  gaseoue  stale,  they 
are  temporary  in  ihc  greater  number  of  instances,  unless  there 
be  eome  efaemical^hange  effected,  which  is,  as  it  were,  seized 
iipon  during  its  occmrence,  and  a  resnlting  compound  formed, 
wbicb  IS  more  stable  than  the  original  compound  or  mix- 

1  might  weary  my  reader  with  examples,  showing  that, 
in  every  case  which  we  can  trace  out,  the  effects  of  light  are  , 
dumged  by  any  and  every  change  of  etmcturc,  and  that  light 
has  n  definite  connection  with  the  stmctaro  of  the  bodies 
aflected  by  it.  I  cannot  but  think  that  it  is  a  strong  assump- 
tion to  regard  ether,  a  purely  hypothetical  creation,  as  chang- 
ing its  elasticity  for  each  change  of  structure,  and  to  regard 
it  as  penetrating  the  pores  of  bodies  of  whose  porosity  we 
have  in  many  cases  no  proof;  the  which  pores  must,  more* 
over,  have  a  definite  and  peculiar  commnnication,  also  aesumed 
fi>r  the  purpose  of  the  theory. 

Ether  is  a  most  convenient  medium  for  hypothesis  :  thns, 
if  10  account  for  a  given  phenomenon  the  hypothesis  reqnjres 
tlut  the  ether  be  more  clastic,  it  is  said  to  be  more  elastic ; 
if  more  dense,  it  is  said  to  be  more  dense  ;  if  it  be  required 
by  hypothests  to  be  less  elastic,  it  is  pronounced  to  be  less 
elamic ;  and  so  on. 

The  advocates  of  the  ethereal  hypothesis  certainly  ha va 
this  advantage,  that  Ihc  ether,  being  hypothetical,  can  have 
its  characters  modified  or  changed  without  any  possibility  of 
disproof  either  of  ila  existence  or  modifications. 

It  may  be  that  the  refined  mathematical  labours  on 
Sg^,  as  on  electricity,  hare  given  an  undue  and  udvendtioos 
Itnngth  lo  the  bypothesee  on  which  they  are  based. 


Ilanna  been  advoestiiig  is 

the  uecejait  J  involved  in  it  of 

if  fif^  beet,  dectricitj,  &c^  be  allee- 

2ser.  difrii  meuer  mnet  be  ssppoeed  to  be 

ft  ere  appeient,  andoon* 


trejyifiTtted  throogh  wbaft  are  called 
y  qiaoea,  idtere  matter,  if 


:ed  tbat  bithexto  aD  attempts  at  pro- 
baT«  fiuled.  The  ordinary  air- 
ns  cit2r  kxcUr  rarefied  air ;  and,  br  tbe  pirincinle 
«c  vxmicnircani.  e^^a  v<  ibe  beat,  tbe  operation  depends  npon 
tbe  bxtesuzse  f  x=«s9cq  of  tbe  Tohnne  of  air  in  the  reoeirer ; 
mf!i  =z  rt«!  TTtMTcz^  v^icb  is  fmmcd  in  this,  so  great  is  the 
leacif sp.-y  c£  --5i.~er  to  &II  up  space,  that  I  have  observed  dis- 
tSIiec  w^i;r  vVCLftiz.^  ri  a  Trssel  whhin  the  exhausted  receiv- 
er cc  s  i:>xxi  ai-^.f-gn-7x  has  a  taste  of  tallow,  derived  from  the 
iTveiSe,  or  az  «st!end*l  cA  contained  in  it,  which  is  nsed  to 
Kr=i  a:i  ^ir^-diii:  jxzsicdoa  between  the  edges  of  the  receiver 
and  the  r:zs>^?ia:e. 

Th<  Torrio^lHar.  Tacnnm.  or  that  of  the  ordinary  baro- 
niet«r«  is  nlled  with  the  vapour  of  mercurv  ;  bnt  it  might  be 
worth  tbe  trooble  to  ascenain  what  would  be  the  efiect  of  a 
good  Torricellian  vacnnm.  when  the  mercurjr  in  the  tube  is 
frozen*  which  might,  without  much  difficulty,  be  now  efiected 
by  the  use  ot'  solid  carbonic  acid  and  ether ;  the  only  probiH 
bk  difficulty  would  be  the  different  rates  of  contraction  of 
mercury  and  glass*  at  such  a  degree  of  cold,  and  more  par- 
ticularly the  contraction  of  mercury  at  the  period  of  its 
solidification.  Daw«  however,  endeavoiu^d  to  form  a 
vacuimi,  in  a  somewhat  sbnilar  manner,  over  fused  tin,  with 
but  partial  success ;  he  also  made  many  other  attempts  to 
obtain  a  perfect  vacuum ;  his  main  object  being  to  ascertain 
what  would  be  the  effidct  of  etectrici^  across  empty  space : 
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ho  (dmiU  that  he  conld  not  succeed  in  procttriog  a  v 
but  foDDii  electricity  much  loss  readily  conducted  or  trans- 
mined  by  Ihe  best  vacuum  he  could  procure  than  by  the  ordi- 
ttry  Boylean  vacuum, 

Morgan  found  no  conduction  by  a  good  Torricellian  vao- 
nDn ;  and,  although  Davy  docs  not  seem  to  place  much  reliance 
aa  Morgan's  experimeuca,  there  was  one  point  in  which  they 
*eie  less  liable  to  error  than  those  of  Davy.     Morgan,  whose 
eiperiments  seem  to  have  been  caretully  conducted,  operated 
<nlh  hermetically-sealed  glass  tubes  and  by  induced  elect ricity, 
•rtdle  Davy  sealed  a  platinum  wire  into  the  extremity  of  the 
(obe  in  which  he  sought  to  produce  a  vacuum.     I  have  found 
in  *ery  numerous  experiments  which  I  made  to  exclude  air 
from  water,  that  platinum  wires,  most  carefully  sealed  into 
glaas,  allow  liquids  to  pass  between  them  and  the  glass  ;  and 
this  gives  every  reason  to  believe  that  gases  may  equally  pass 
through  ;  I  have  observed  such  effect  in  the  gas  battery  when 
it  has  been  in  action  for  a  long  period.     Davy  supposed  that 
the  particles  of  bodies  maybe  detached,  and  so  produce  elec- 
trical effects  in  a  vacumm ;  and  such  effects  would  more  read- 
ily take  place  in  his  experiments,  where  a  wire  projected 
into  the  eochausted  space,  than  in  Morgan's,  where  the  in- 
duced electricity  was  difliised  over  the  surface  of  the  glass. 

M,  Masson  found  that  the  barometric  vacuum  does  not 
conduct  a  current  of  electricity,  or  even  a  discharge,  unless 
the  tenaion  ia  considerable  and  sufficient  to  detach  particlea 
firom  the  electrodes ;  and  by  adopting  a  plan  of  Dr.  An- 
drews, vis.  absorbing  carbonic  acid  by  potash,  M.  Gassiot 
has  recently  succeeded  in  forming  vacua  across  which 
the  powerful   discharge    from  the   Rhumkorf  coil  will  not 

The  odour  which  many  metals,  such  as  iron,  tin,  and 
rinc  emit,  and  the  so-called  thermographic  radiations,  we 
can  hardly  explain  upon  any  other  theory  than  the  evapora- 
tion of  an  infinitesimally  small  portion  of  the  metal  itself. 


1st  amMBJanm  omanoAXi 


M  uM  tnoBBfCY  ^  wetter  to  oAnn  Itedr 
An  H  ffm  rise  to  Ab  old  Myiiv  timtntrnf 

an  aplioriBi  lddci^  thooi^  cttfflled  at  nd 

by  Ab  irlfiifBnfmcy  of  same  modem  piuloao|JiMiy 

tiboui^  eumewligt  met^horicd,  ftnn  of 

trath,  end  erinees  a  ]ai;ge  ezteii 

Uioae  wbo,  witk  ft  w  of  the  adnmtagee  idiidi 

im  genenfieed  lijtliis  sentenee  the  h/eHa  of 


argaedtliatyif matterwefB  capaMeofinflaite 
nr,  &e  eaitli's  atmnephftre  would  hare  no  JSadif  and 
It  portkos  of  it  would  eziet  at  pointe  of  epaee 
of  the  eon  and  planets  would  be  greatar 
Aat  of  Ae  earth,  and  whence  it  would  ffy  ofFto  those 
Keifies  and  ibm  aiiawyhrres  aioimd  them.    This  was  S19- 
pdtied  to  he  nfcamied  bj  the  alignment  of  the  well-known 
paper  of  Dr.  WoUaston ;  in  whidi,  from  the  absence  of  nota- 
ble Infraction  near  the  maigin  of  the  son  and  of  the  planet 
J«pmr«  he  considered  himsdf  entitled  to  oondnde  thai  the 
<rspansii»  of  the  earth's  aimoqihere  had  a  definite  limit,  and 
va»  balanced  at  a  certain  point  bj  gravitation :  this  dedno** 
nktt  ha»  be<en  shown  to  be  inoondushre  bj  Dr.  Wbewdl,  and 
ha»  aho  Kwn  impogned  itptm  others  grounds  bj  Dr.  WHsMi. 
Ther^  ut  a  poutt  not  adrerted  to  in  these  p^wrs,  and  whidi 
Vr\>llaMK>tt  dc«es  noc  seem  to  haTe  considered,  vis.  that  there 
i»  w^  ^'viieMn  that  the  ifiparent  discs  of  the  son  and  of  Jnpi- 
liNr  «how  as  their  real  discs  or  bodies.    Sir.  W.  Herschel 
r^^jsavd*  the  margin  of  the  risible  discs  as  thai  of  donds  or  a 
p^*«)iar  state  of  atmoqihere,  and  the  n^dlj  rh^ngmg  dbai^ 
acf^r  \>f  th<»  af^ptarent  sorftces  render  some  snch  condnsian 
iK\NKNHurY«    If  this  Se  so,  refraction  of  an  oocolted  star  eoold 
iK^  be  detected*  at  all  OTonts,  in  the  denser  portion  of  the 
afuh^*ph<4>^ 

8ir  W.  lleiechers  obserraticms  go  to  prore  that  the 
sun  and  Jnpiler  haTe  denae  atokospheres,  whils  WoOasloiA 
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yrat  bolieved  to  prove  that  the^  bavc  no  appreciable  atinoa- 

If  it  be  admitted,  or  considered  proved,  that  the  sun  and 

pUnela  have  atmospheres — and  little  doubt  now  exista  on  this 

point — ihen  the  grounds  upon  which  WoUaston  founded  hia 

u^tuneats  ore  untenable  ;  and  there  appeam  no  reason  why 

ibe  atmosphere  of  the  diflerent  planets  should  not  be,  with 

ttfereoce  to  each  other,  in  a  slate  of  equilibrium.     Etlier,  or 

I      [lie  highly-aiieaoated  matter  existing  in  the  interplanetary 

I      ipMes,  being  an  expansion  of  some  or  all  of  Ihcae  atnio»- 

r      pberee,  or  of  the  more  volatile  portions  of  them,  would  thue 

Jomiih  matter  for  the  transmission  of  the  modes  of  motion 

wiiich  we  call  light,  heat,  &c. ;  and  poeaiblj  minute  portions 

ui  these  ulmoephcres  maj,  hj  gradual  changes,  pass  from 

pUnct  to  planet,  forming  a  link  of  material  communication 

between  the  distant  monads  of  the  universe. 

The  view  given  above  would  approximate  the  theory  of 
the  transmission  of  light  by  the  undulations  of  ordinary  mat- 
t«r  to  the  other  two  theories,  which  equally  suppose  the  non- 
exialence  of  a  vacuum;  for,  according  to  the  emissive  or 
oorpnsculnr  theory,  the  vacuum  is  filled  by  the  matter  itself, 
of  light,  heat,  &c. ;  according  to  the  ethereal,  it  is  filled  by 
the  all-penetrating  ether.  Of  the  existence  of  matter  in  the 
iiU«rplanetary  spaces  we  have  some  evidence  in  the  diminish- 
ing  periods  of  comets  ;  and  where,  from  its  highly  attenuated 
state,  the  character  of  the  medium  by  which  the  forces  are 
coDveyed  cannot  be  tested,  the  term  ether  is  a  most  appropri- 
ate generic  name  for  such  medinm. 

Kewton  has  some  curious  passages  on  the  subject  matter 
of  tight.     In  the  '  Queries  to  the  Optics '  be  says  : — 

'Are    not  gross    bodies  and  light  convertible  into  one 

aoothcr,  and  may  not  bodies  receive  much  of  their  activity 

from  the  particles  of  .light  which  enter  their  composition? 

■     •     •     The  changing  of  bodies  into  light  and  light  into 

bodies  i»  very  coufonnable  to  the  coarse  of  nature,  which 
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seenu  delighted  with  transmutations,  Waler,  which  is  » 
TeT7  fluid,  tasteless  sail,  she  changes  hy  heat  into  vapouTf 
irhicb  is  a  sort  of  air,  and  by  cold  into  ice,  which  is  a  hard,' 
pellucid,  brittle,  fiisihle  stone,  and  this  stone  rclams  into 
water  by  heat,  and  vapour  retnrns  into  water  by  cold,  •  • 
And,  among  snch  Tarions  and  strange  IransmutationB,  why 
may  not  nature  change  bodies  into  light,  and  light  into 
bodies?' 

Kewton  has  here  seemingly  in  his  mind  the  emissiva 
theory  of  light ;  bat  the  paseagea  might  be  applied  to  eitheF 
theory;  the  analogy  he  saw  in  the  change  of  state  of  matteri 
as  in  ice,  water,  and  vapour,  with  the  hypothetic  change  into 
light,  is  very  striking,  and  would  seem  to  show  that  he  regard- 
ed the  change  or  tronsmntatios  of  wliich  he  speaks  as  one 
analogoos  to  the  imown  changes  of  state,  or  consistence,  ta 
ordinary  matter. 

The  difference  between  the  yiew  which  1  am  advocating 
and  tbatxif  the  ethereal  theory  as  generaUy  eniinciBted  if, 
that  the  matter  which  in  the  inteqilanetary  spaces  serves  as 
the  means  of  transmitting  by  its  undulations  light  and  heal,  I 
should  regard  as  possessing  the  qualities  of  ordinary,  or  as  it 
has  sometimes  been  called  gross,  matter,  and  particularly 
weight ;  though,  from  its  extreme  rarefaction,  it  would  mani- 
fest these  properties  in  an  indefinitely  small  degree  ;  whUst,  oa  - 
the  surface  of  the  earth,  that  matter  attains  a  density  eogniss"  . 
hie  by  our  means  of  experiment,  and  the  dense  matter  is 
itself,  in  great  part,  the  conveyer  of  the  ondulalions  in  whicb 
these  agents  consist.  Doubtless,  in  very  many  of  the  forms 
which  matter  assumes  it  is  porous,  and  pervaded  by  more 
volatile  essences,  which  may  differ  as  mnch  in  kind  as  matter 
does.  In  these  cases  a  composite  medium,  such  as  that  indi- 
cated by  Dr.  Young,  would  result ;  but  even  on  snch  a  suppo- 
eition,  the  denser  matter  would  probably  exercise  the  more 
important  influence  on  the  undulations.  Reluming  to  tha  . 
somewhat  strained   hypothesis,  that  the  particles  of  denaa 


LIGHT. 

BMter  in  s  stx^alled  solid  are  ae  distant  aa  the  stars  is  heavcD, 
dl  a  certain  depth  or  thickncsa  of  auch  solid  vovld  present 
iltmrj  point  of  space  a  ponide  or  rock  in  the  sncceBsive 
pOgress  o^  a  ware,  which  particles,  to  carry  on  the  teove- 
MK,  must  vibrate  in  unison  with  it. 

At  the  utmost,  our  assumption,  on  the  one  hand,  is  that 
ri>ere»cr  Ugbt,  heat,  &c.,  exial,  ordinary  mailer  axista,  though 
it  My  be  bo  attenuated  that  we  cannot  recognise  it  by  the 
(Mb  of  other  forces,  such  as  gravitation,  and  that  to  the  cx- 
laOBlBlity  of  matter  no  liihit  can  be  assigned.  On  the  other 
batdi  s  BpeciSc  matter  without  weight  must  be  assumed,  of 
ft*  existence  of  which  there  is  uo  evidence,  but  in  the  phe- 
■dMB*  for  tbe  exphination  of  wltich  its  existence  is  supposed. 
Ta  acoomit  for  the  phenomena  the  ether  is  assumed,  and  to 
prove  the  existence  of  the  ether  the  pheoomeoa  are  cited. 
Far  these  reasons,  and  others  above  given,  I  think  that  the 
usniDptioD  of  the  universality  of  ordinary  matter  is  the  least 


A  question  has  oOen  occurred  to  me  and  possibly  to  oth- 
ers :  Js  the  continuaace  of  a  luminous  impulse  in  Ilie  iolcr- 
planciary  spaces  perpetual,  or  does  it  aAcr  a  certain  distance 
diasipala  itself  and  become  lost  as  light — I  do  not  mean  by 
mere  divergence  directly  as  the  squares  of  the  distances  it 
travels,  but  does  the  physical  impulse  itself  lose  force  as  it 
proceeds?  Upon  the  view  I  have  advocated,  and  indeed 
upon  any  andulatory  hypothesis,  there  must  bo  some  resist- 
ance to  its  progress ;  and  unless  the  matter  or  ether  in  the 
iateiplauetary  spaces  be  inlinilely  elastic,  and  there  be  no 
lateral  action  of  a  ray  of  light,  there  must  be  some  loss. 
That  it  is  exceedingly  minute  IB  proved  by  the  dialanee  light 
travels.  Stars  whose  parallax  is  ascertained  are  at  such  a 
distance  from  the  earth  that  their  light,  travelling  at  the  rate 
of  192,500  miles  in  &  second,  takes  more  than  ten  years  to 
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ntuib  tha  eanh ;  so  that  ire  see  ihem  aa  thej  existed  Us^ 
years  ago.  The  distance  of  most  visible  stars  is  probably  6a 
greater  tlian  this,  and  yet  their  bnlliance  is  great,  and  ia> 
creases  when  their  rays  are  collected  by  the  telescope  in  pro* 
portion  ceteris  parihtu  to  the  area  of  the  object-^ass  or  speo^ 
alum.  There  is,  hon-ever.  an  argoment  ofa  eomewhat  speo- 
olative  character,  by  which  light  would  seem  to  be  lost  or 
transformed  into  some  other  force  in  the  iaterplanetaiy  spaces^ 

Every  increase  of  space-penetrating  power  in  the  tele- 
scope gives  OS  a  new  field  of  visible  stars.  If  this  expansioB 
of  the  stellar  universe  go  on  indefinitely  and  no  light  be  lostf 
then,  assuming  the  fixed  stars  to  be  of  an  average  equal 
brightness  with  our  sun,  and  no  light  lost  other  than  by  divert 
gence,  the  night  ought  to  be  equally  luminous  with  the  day} 
for  though  the  light  from  each  point  diminishes  in  intensity 
as  the  square  of  the  distance,  the  number  of  luminous  points 
would  fill  up  the  whole  space  around  us ;  and  if  every  point 
of  space  is  occupied  by  an  equally  brilliant  point  of  light, 
distance  of  the  poinis  becomes  inunatcrial.  The  loss  of  li^lt 
intefcepfed  by  stellar  bodies  woidd  make  no  difference  in  I 
total  quantity  of  light,  for  each  of  these  would  yield  from 
own  self-luminosity  at  least  as  much  light  as  it  intercepted. 
Light  may,  however,  be  intercepted  by  opaque  bodies,  such 
as  planets;  but,  making  every  allowance  for  these,  it  is  diffi- 
cult to  understand  why  we  get  so  little  light  at  night  from  tha 
stellar  universe,  without  aasunung  that  some  light  is  lost  in  ita 
progress  through  space — not  lost  absolutely,  for  that  would  be 
on  annihilation  of  force — but  converted  into  some  other  mods 
of  motion. 

It  may  be  objected  that  this  hypothesis  assumes  the  std-. 
lar  universe  lo  be  illimitable  :  if  pushed  to  its  extreme  so 
to  make  the  light  of  night  equal  that  of  day,  provided  no 
stellar  light  be  lost,  it  does  make  this  assumption ;  but  even 
this  is  a  far  more  rational  oEisumption  to  make  than  that  the 
Stellar  universe  is  limited.     Our  experience  gives  no  indict* 
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BofiBimt;  each  improvoment  in  telescopic  power  gives 
r  realms  of  stars  or  of  nobulte,  which,  if  not  stellar 
W  Anerg,  KTC  at  all  erents  self-luminoos  matter ;  and  if  we  as- 
e  a  limit,  what  is  it  ?  We  cannot  conceive  a  physical 
,  for  then  immediately  comes  the  question,  what 
!■  the  boandary?  and  to  enppose  the  stellar  universe  to 
1  by  infioito  apace  or  by  infinite  chaos,  that  is  to 
o  BitppoEe  a  spot — for  it  would  then  become  so— of  mat- 
frin  definite  forma,  with  definite  forces,  and  probably  teem- 
1  definite  organic  beings,  plunged  iiv  a  naiverse  of 
is  to  my  mind  at  least  far  more  unphiloaophical  than 
to  mppose  a  bonndleas  oniverse  of  matter  existing  in  forms 
and  actions  analogous  to  those  which,  as  far  as  our  examina- 
tion goes,  pervade  space.  But  without  speculating  ob  topics 
id  which  the  mind  loses  itself,  it  may  not  unreasonabty  be 
expected  that  a  greater  amount  of  light  would  reach  us  tcpm 
ibe  nuTonnding  self-luminous  spheres  were  not  some  portion 
lost  as  tight,  by  its  action  on  the  medium  which  conveys  the 
tmpnises.  What  force  this  becomes,  or  what  it  eflecis,  it 
would  be  idle  to  speculate  upon. 


•VI.— MAGNETISM. 

MAGNETISM,  as  was  proved  bj  the  important  dueovi* 
ery  of  Faradaj,  will  prodace  eUdridhfj  but  with  this 
peculiaritj — that  in  itself  it  is  statio ;  and,  therefore,  to  pro- 
dace  a  dynamic  force,  motion  most  be  superadded  to  it :  it  Is, 
in  fact,  directive,  not  motive,  altering  the  direction  of  other 
forces,  bnt  not,  in  strictness,  initiating  them.  It  is  difficult 
to  convey  a  definite  notion  of  the  force  of  magnetism,  and  of 
the  mode  in  which  it  affects  other  forces.  The  foUowing  il- 
lustration may  give  a  rude  idea  of  magnetic  polarity.  Siip- 
pose  a  number  of  wind-vanes,  say  of  the  shape  of  arrows, 
with  the  spindles  on  which  they  revolve  arranged  in  a  row, 
but  the  vanes  pointing  in  various  directions :  a  wind  blowing 
from  the  same  point  with  an  uniform  velocity  will  instancy 
arrange  these  vanes  in  a  definite  direction,  the  arrow-heads 
or  narrow  parts  pointing  one  way,  the  swallow-tails  or  broad 
parts  another.  If  they  be  delicately  suspended  on  their  spin- 
dles, a  very  gentle  breeze  will  so  arrange  them,  and  a  very 
gentle  breeze  will  again  deflect  them ;  or,  if  the  wind  cease, 
and  they  have  been  originally  subject  to  other  forces,  sach  as 
gravity  from  unequal  suspension,  they  will  return  to  irregu- 
lar positions,  themselves  creating  a  slight  breeze  by  their  re- 
turn. Such  a  state  of  things  will  represent  the  state  of  the 
molecules  of  soft  iron ;  electricity  acting  on  them — not  indeed 
in  straight  lines,  but  in  a  definite  direction — ^prodaces  a  polar 
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.imngemeQl,  which  they  will  lose  as  soon  as  the  dynamic  in- 
jodng  force  is  removed. 

Let  lu  now  suppose  the  Tonea,  instead  of  taroing  easily, 
to  be  more  ellffij  fixed  to  the  axles,  ao  aa  to  be  tnmed  with 
diffiralty :  it  will  require  a  stronger  wind  to  move  them  and 
arrange  them  definitely  ;  but  when  ao  arranged,  they  will  re- 
Iain  their  position  ;  and  should  a  ;>cnlle  breeze  spring  np  in 
another  direction,  it  will  not  alter  their  position,  bnt  will  it- 
Mlf  be  definitely  deflected.  Should  the  conditions  of  force 
md  stability  be  tniermediate,  both  the  breeze  and  the  vanes 
wiD  be  slightly  deflected ;  or,  if  there  be  no  breeze,  and  the 
qHDdleg  be  all  moved  in  any  direction,  preserving  their  linear 
rslation,  they  will  themselvea  create  a  brceic.  Thua  it  is 
willi  tiie  moleculea  of  hard  iron  or  aleel  in  permanent  mag- 
nois  ;  tliey  are  polarised  with  greater  diiBculty,  but,  when  ao 
ptJaiwed,  tbcy  cannot  be  affected  by  a  feeble  cnrrent  of  clec- 
iricitT.  Again,  if  the  nmgneta  be  moved,  they  themselves 
or^inato  a  corrent  of  electricity ;  and,  lastly,  the  magnetic 
polarity  and  the  electric  current  may  be  both  mutually  af- 
fecied,  if  the  degrees  of  motion  and  stability  be  intermediate. 

TTic  aboye  instance  will,  of  course,  be  taken  only  as  an 
appnximation,  and  not  as  binding  me  to  any  closer  analogy 
than  is  generaUy  expected  of  a  mechanical  illiutratiun.  It 
is  diflicalt  to  convey  by  words  a  definite  idea  of  the  dual  or 
antiUiotjc  character  of  force  invijlvod  in  the  term  polarity. 
The  illustration  I  have  employed  may,  I  hope,  somewhat  aid 
in  elacidating  the  manaei-  in  which  magnetism  acts  on  the 
otiter  dynamic  forces ;  i,  e.,  delioitcly  directing  them,  but  not 
initiatiiig  them,  except  while  in  motion. 

Magneta  being  moved  in  the  direction  of  linea,  joining 
their  polea,  produce  electrical  currents  in  such  neighbouring 
bodies  as  are  conductors  of  electricity,  in  directions  trans- 
verse to  the  line  of  motion ;  and  if  the  direction  of  motion 
Ktbe  position  of  the  magnetic  poles  be  reversed,  the  current 
electricity  flows  in  a  reverse  direction.     So  if  the  magnet 
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■  ste  deftnitely  deSected,  but  cannot  prodaee  them  except 
n  in  motion  ;  motion,  therefore,  is  to  be  regarded  in  this 
I  the   initiatire   Ibrce.     Magnetiam  will,  however,  di- 
Sly  affect  the  other  Ibrces — light,  heat,  and  chemical  affin- 
l  change  their  direction  or  mode  uf  action,  or,  at  all 
I,  will   so  afiect  matter  Biibjcct«d  to  these  forces,  that 
changed.     Since  these  lectnrcs  were  deliv- 
B  discovered  a  remarkable  effect  of  the  mag- 
tt  force  in  occasioning  the  deflection  of  a  ray  of  polarised 

f  ft  ray  of  polarised  light  pass  through  water,  or  through 
isparent  liquid  or  Bolid  which  does  not  oiler  or  tora 
e  plane  of  polarisation,  and  the  column,  say  of  water, 
I)  which  it  passes  be  subjected  to  the  action  of  a  pow* 
i,  the  line  of  magnetic  force,  or  that  which  would 
f  the  magnet,  being  in  the  some  direction  as 
^{lolarised  light,  the  water  acquires,  with  reference 
similar,  tliongh  not  quite  identical,  properties  to 
oH  of  turpentine — the  plane  of  polarisation  is  rotated,  and 
the  direction  of  this  rotation  is  changed  by  changing  the  di< 
I  of  the  magnetic  force :  thus,  if  we  suppose  a  polar- 
s  first  in  its  course  the  north  pole  of  the  mag- 
a  between  that  and  the  south  pole  it  will  be  deflected, 
rred  to  the  right ;  while  if  it  meets  the  south  pole  first 
M,  it  will,  in  its  jouroey  between  that  and  the  north 
I,  be  turned  to  the  left.  If  the  substance  through  which 
nilted  be  of  itself  capable  of  defiocting  tho 
f  polarisation,  as,  for  instance,  oil  of  turpentine,  then 
c  influence  will  increase  or  diminish  this  rotation, 
g  to  its  direction.  A  similar  effect  to  this  is  observed 
Bed  heat  when  the  medium  through  which  it  is 
s  subjected  to  magnetic  influence, 
r  this  effect  of  magnetism  is  rightly  termed  on  ef- 
t  and  heat,  or  is  a  molecular  change  of  the  mat- 
g  the  light  and  heat,  is  a  question  the  resohi< 


it:.  > rr:  :s    jT   '4'.-iI' t.'.  y.Bczs. 


t*cc  'A  ▼inTn   imiir    n%  jsi  o  Hit  .liiiirg      u  ir** 

?»''.•••..■  v.-iji  a*'":i-.!:i:  ib*  ti    Uc    :!•.-•  r-  vt   i.i«;»;r«     Lf  ihe 

fordiii;:  to  thai  ".-'.--t.  !:_.:.•:..  c-  .•:     riiz ^  zuljlzt.  —  --^^riaTi^^ 

ill  all'iTiin^  Uj«.-s«t  i:j:Tii:.iiir.  2-5^  v  -*.:  :•  r-:«t5  "■r'li-.h  occa^ 
Moii  them.  It".  howf.Ter.  lit  .ci-.r  —-•--?  .•r  irlJicred  :o,  it 
wiHiUl  W  morw  <-oij&LfteLi  -*-:;-  '.l^  :l  i-  ::  —  :-=■  -Jivrc  results 
u.^i  1  \liil»iiiu;j  an  lutioii  uf.»''L  li-  iL^r.-ir  :"-:«cl:.  ii:i  the  heat 
ar..s  Uirlit  a**  s^M'ouilarilv  afitcit-L 

>\l.i*:i  :sulistaiKV3  arc*  vni^'.-cy't'-i'!  cLri^Ii-il  cl^n^res,  and  a 
r.mi.Ti:  i*  l»n»ui:]ii  near  tLtrin.  :1-:  lirv-cil.--  or  iiiic5  ox'  action 
.-•  Ji  .himh'al  lortv  wll]  be  ci-Lj;:  I.  There-  are  manv  old 
r\'v".:;^  :i:>  wlii<*h  jirobaWv  Ir.rziri  on  iLii  effect,  but 
V ?.?.•;.  A^*r*  «rnMUMiiisly  c-on.-ji'lt.-rc  1  :.  rrrve  that  permanent 
m.'j'.r.  .>:n  o."*;;!.!  |»n>ilii('('  (»r  iiKTca.-.-  •. "...  i;ik-al  aciion:  these 
|i.  V*  .','.».:. 4. >  hiiu  o\ti'iuK'<l  and  fxiila:::»:i  bv  3Ir.  Hunt  and 

•  •  • 

M:-   >*  ?.  •.:.*t;.;,r..  nntl  aiv  iu>w  bi!ltc*r  understood. 

.'!•.   ;  N.  >.  »jiM>  an^  applicablu  to  the  subject  of  the  prca- 
>    ..•;.>.v..k;.  a>  tliov  show  a  relation  to  exist  l>etweeii 
.    ........   o.i.i  7  toriv?.  which  relation  is,  in  all  proba- 

.» '..iw*:.  .  :•.,.  ;.".  'iV.ciio  cases  there  is  not  a  production 
..  ,'. , ...;. ;.".  ;i:/.:;i:y.  by  maguetism,  but  a  change 
•  •.  •.•:   ...  ..^»v":»  »^t"  aition. 

'.'.:.  .;..'i   »V.iih  mav  be  viewed  as  a  dv- 

...•.-•,  .if.v. ;  i.  o.  its  condition  at  the  com- 

,  ...,.../... .^r..  or  iluriiij  the  increment  or 

.  •.    ..\  ...     ^^  ":.i'.o  iron  or  steel  is  beinu 

•-*   4  v7.-rr;>.vcs  :Vv'::i  j:?  non-masmetic 

.  .V  ■  . .  . :  -;a  .-..^5  iVoiii  its  maximum 

-      -  "-V  ;  '.-.c    luolceulos  are,  it 

>  •..  :-.T  ,:■.'./:.«.  0.4-  thou  be  pro- 

.    '       :  V  \    ,  \>.  .  ,\..;  .  »  ji  :r.j^p:c:  wails:  in  mo- 


.^«» 


»v.«. 


.V«»' 


XlfflfBTIEV. 


i^^ 


I  experiment  which  I  published  in  1845  tends,  I  think, 

ale  tJiis,  and  in  some  degree  to  show  the  character 

!  motion  impressed  npon  the  molecules  of  a  magTietic 

1  at  the  period  of  ma^etisalion.     A  lube  iilleil  'wiih  the 

I  in  which  magnetic  oxide  of  iron  had  been  prepared, 

I  Urminated  at  each  end  bj  plalea  of  ghies,  is  surrounded 

ft  coii  of  coated  wire.     To  a  spectator  looking  tlirough  this 

e  a  dash  of  light  is  perceptible  whenever  the  coil  is  elec- 

led,  and  less  light  is  transmitted  when  the  electrical  current 

MS|  showing  a  symmetrical  arrangement  of  the  mlnula 

1  of  magnetic  oxide  wiule  under  the  magnetic  in- 


I  experiinent  it  should  be  borne  in  mind,  that  the 

lea  of  oxide  of  iron  are  not  shaped  bj  the  band  of  man, 

woidd  be  the  ease  with  iron  filings,  or  similar  minute  poi^ 

B  of  magnetic  matter,  but  being  ehemicallj-  precipitated, 

fcof  the  form  gi%fen  to  them  by  nature, 

tWhile  magnetism  is  in  the  slate  of  change  above  described, 

n  produce  the  other  forces ;  but  it  may  bo  said,  while 

s  thus  progressive,  some  other  force  is  acting  on 

Pand  therejore  it  does  not  initiate:  this  is  true,  but  the 

e  may  be  said  of  all  the  other  forces  ;  they  have  no  com- 

sement  that  we  can  trace.     We  must  ever  refer  them 

fc  to  some  anlecedeot  force  equal  in  amount  to  that  pvo- 

i,  and  therefore  the  word  initiation  cannot  in  strictness 

',  but  must  only  be  taken  as  signifying  tho  force  selected 

)  first ;  this  is  another  reason  why  the  idea  of  abstract 

I  is  inapplicable  to  physical  production.      To  this 

1 1  ahaU  again  advert. 

xicity  may  thus  be  produced  directly  by  magnetism, 
r  when  the  magnet  aa  a  moss  is  in  motion,  or  when  ita 
commencing,  increasing,  dccrcasfng,  or  ceasing; 
t  may  similarly  be  directly  produced  by  magnetism. 
,  since  the  first  edition  of  this  Essay  was  published, 
nicatfid  to  tho  Royal  Society  a  paper  by  which  I  think 
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IltAW  sftSzsfiKCorilT  pTOTvd.  tliai  wbcnfiTcr  anj  mcCfll  smoGptt 

ble  ot  ziULZ!ien5m  is  zcsznetued  or  demagnetued,  Ha  tempers 
tore  is  nis«d.  llii«  was  shown,  fint,  br  snbjectmg  a  bar  of 
ZTQC.  ziokiil.  or  cobah  to  the  infinence  of  a  powerful  electro- 
mazsec  wbioh.  was  rapidlr  magnetised  and  demagnet]3ed  in 
WTBwe  (Sreccfocs,  the  electro-magnet  itself  being  kept  ooolbj 
etscerss  of  water,  so  that  the  magnetic  metal  subjected  to  tbe 
fnsftaecce  or  m.i-znedsm  was  raised  to  a  higher  temperature 
thaa  rha  electro-magnet  itself,  and  could  not,  therefore,  haTe 
actrxfr^^i  its  increased  temperature  br  conduction  or  radiation 
of  ilea:  zrcm  dte  eleccro-magnet :  and  secondlj,  by  rotating 
a  permazeu  steel  maznec  with  its  pole  opposite  to  a  bar 
i?c  irra.  a  -iLerz^xIectrio  pile  being  placed  opposite  the 
!aner. 

Dr.  3IirH  x'^^r-ti  a  plare  of  homogeneous  soft  iron  with 
a  'zi^  j«:d::-.r  ::'  wax  ziixed  with  oil,  a  tube  traversed  the 
vT^ritre  ihrr-z^  wbi-jh  the  Tspour  of  boQing  water  was  passed. 
Tbtj  rlaie  w^^  niie  :o  rest  on  the  poles  of  an  electro-magnet, 
with  ."ari  -IztcrTcseii.  When  the  iron  is  not  magnetised,  the 
melted  wxl  ai^szizies  a  oircnL\r  form,  the  tube  occupying  the 
cectrv.  Vc:  wbe-  the  e :ecrr»Tna gne i  is  put  in  action,  the  curve 
Tcark:::^  Uie  bcoii'liry  c:'  the  melted  substance  changes  its  form 
azd  bevvcie?  elctiirated  12.  a  direction  transverse  to  the  line 
vliini  the  rotes,  showing  that  the  conducting  power  of  the 
iro~  :Vr  hea:  is  oba-^xi  bv  ma«n3etisation. 

Th'is  we  ^*t  bear  rroduce*!  bv  magnetism  and  the  condno- 
iio:i  of  hea:  altertni  by  i:  in  a  direction  having  a  definite  rela- 
tion :o  the  ^tirvotioti  of  the  ma£Tieti5m.  Is  it  necessaiy  to 
call  iti  aid  ether  or  the  substance  '  caloric'  to  explain  these 
rv*ul:5 :  i?  it  no:  more  rational  to  regard  the  calorific  efiects 
as  oharurvs  iu  the  molecular  arransrements  of  the  matter  sub- 
jev:evi  to  n*uiir::otism : 

Thow  is  every  probability  that  magnetism,  in  the  dyna- 
mic ^tato.  either  when  the  magnet  is  in  motion,  or  when  the 
SMbn^etio  intensity  is  varying,  will  also  direct^  prodnoe  chflmi- 
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'  tllaffiiiit;^  and  light,  thongh,  np  to  the  present  time,  each  has 
BM  been  proved  to  be  the  case  :  the  reciprocal  efiect,  also,  of 
tbe  direct  production  of  magnetiam  by  light  and  heat  has  not 
jPUbeeQ  experimentally  established. 

I  have  ascd,  in  contradistinction,  the  terms  dynamic  and 
static  to  represent  the  different  statea  of  magneliam.  The 
spplicstions  I  have  made  of  these  terms  maybe  open  to  some 
exfepiion,  but  I  know  of  no  other  words  ■which  will  so  nearly 
express  my  meaning. 

The  static  condition  of  magnetism  resembles  the  static 
condition  of  other  forces :  such  as  the  state  of  tension  exlst- 
iag  in  the  beam  and  a  cord  of  a  balance,  or  in  a  charged 
Leyden  phial.  The  old  definition  of  force  was,  that  which 
caused  change  in  motion ;  and  yet  even  this  definition  pre- 
sents a.  difficulty :  in  a  case  of  static  equilihrium,  such,  for 
instance,  as  that  which  obtains  in  the  two  arms  of  a  balance, 
we  get  the  ideaof  force  wiihont  any  palpable  apparent  motion  : 
whether  there  be  really  an  absence  of  motion  may  be  a  doubt- 
fill  qneetion,  as  such  absence  would  involve  in  this  case  per* 
feet  elasticity,  and,  in  all  other  cases,  a  stability  which,  in  a 
long  course  of  time,  nature  generally  negatives,  showing,  as 
I  believe,  an  inseparable  connection  of  motion  with  matter, 
and  an  impossibility  of  a  perfectly  immobile  or  durable  state. 
So  with  magnetism :  I  believe  no  magnet  can  csist  in  an 
absolntely  stable  slate,  though  the  duration  of  its  stability 
will  be  proportionate  to  its  original  resistance  to  assuming 
a  polarised  condition.  This,  however,  must  be  taken  merely 
as  a  matter  of  opinion  :  we  have,  in  support  of  it,  the  general 
facts  that  magnets  do  deteriorate  in  the  course  of  years ;  and 
we  have  the  further  general  fact  of  the  instability,  or  fiuzional 
state,  of  all  nature,  when  we  have  an  opportunity  of  fairly 
investigating  it  at  different  and  remote  periods :  in  many 
cases,  however,  the  action  is  so  slow  that  the  changes  escape 
human  observation,  and,  until  this  can  be  brought  to  bear 
over  a  proportionate  period  of  time,  the  proposition  cannot  be 
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Mid  to  b«  exjMiimeiiikllj  or  indnctivelj  proved,  bat  miut  be 
left  to  the  meutft]  conTictioo  of  those  who  extunine  it  by  tlie 
light  of  alreadv'  ar-knovrledged  bets. 

All  c&ses  of  static  force  present  ibe  same  difficulty :  tbvt, 
two  springs  pressing  against  each  other  would  be  said  to  be 
exercising  force ;  and  yet  there  is  no  resulting  actioa,  do  heO^, 
no  light,  &C. 

So  if  gas  be  compressed  by  a  piston,  at  the  lime  of  com- 
pression heat  b  given  off;  but  when  this  is  abstracted, 
althongh  the  pressure  continnes,  no  further  heal  is  eliminated. 
Thus,  by  an  equilibrium  produced  by  opposing  forces,  motion 
is  locked  up,  or  in  abeyance,  as  it  were,  and  may  be  again 
developed  when  ihe  forces  are  relieveU  from  the  tension. 
But  in  the  first  instance,  in  producing  the  slate  of  letision, 
force  has  to  bo  employed  ;  and  as  we  have  said  in  treating  of 
mechanical  force,  so  with  the  other  forces  the  original  changs 
which  distnrhs  equilibriimi  produces  other  changes  which  go 
on  without  end.  Thus,  by  the  act  of  charging  a  Leydea 
phial,  the  cyUnder,  the  rubber,  and  the  adjoining  portions  of 
the  electrical  machine  have  each  and  all  their  states  changedi 
and  thence  produce  changes  in  surrounding  bodies  ad  injini- 
turn ;  when  the  jar  is  discharged,  converse  changes  are  again 
produced, 
■•^  As  with  heal,  light,  and  electricity,  Ihe  daily  accumolating 
observations  lend  to  show  that  each  change  in  the  phenomena 
to  which  these  names  are  given  is  accompanied  by  a  change 
either  temporary  or  permanent  in  the  matter  affected  by  them ; 
so  many  recent  experiments  on  magnetism  have  connected 
magnetic  phenomena  with  a  molecular  change  in  the  subject 
matter.  Thus  M.  Wertheim  has  shown  that  Ihe  elasticity  of 
iron  and  steel  is  altered  by  magnetisation  ;  the  co-efficient  of 
ehisticity  in  iron  being  temporarily,  in  steel  permanently 
diminished. 

He  has  also  examined  the  effects  of  torsion  upon  magQel" 
ised  iron,  and  concludes,  from  his  experiments,  Iliait  in  a  bar 
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iff  iron  aniyed  at  a  state  of  magnetic  eqnOibriiim,  temporary 
mgmou  diminishes  the  magnetism,  and  that  the  nntwisting  or 
retuni  to  its  primitive  state  restores  the  original  degree  of 
magnetisation. 

M.  Girillemin  observed  that  a  bar .  slightly  carved  by  its 
own  weight  is  straightened  by  being  magnetised.  Mr.  Page 
and  Mr.  Marrion  discovered  that  a  sound  is  emitted  when 
iron  or  steel  is  rapidly  magnetised  or  demagnetised ;  and  Mr. 
Jonle  found  that  a  bar  of  iron  is  slightly  elongated  by  mag- 
netiMtion. 

Again,  with  regard  to  diamagnetic  bodies,  M.  Mattencd 
femd  that  the  mechanical  compression  of  glass  altered  the 
rotetoiy  power  npon  a  ray  of  polarised  light  which  it  trans- 
nittad.  He  further  considered  that  a  change  took  place  in 
the  temper  of  portions  of  glass  which  he  submitted  to  the  in- 
flBtfice  of  powerful  magnets. 

The  same  arguments  which  have  been  submitted  to 
tlw  reader  as  to  the  other  affections  of  matter  being  modes 
of  m^^ecular  motion,  are  therefore  equally  applicable  to  mag- 
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CHKMICAL  AFFIlinTY,  or  the  force  b^  which  dunmi- 
lar  bodies  lead  to  unite  aod  form  compouDds  difiering 
generally  in  character  from  their  constiluenta,  ia  that  mode  of 
force  of  which  the  human  miud  has  hitherto  formed  th«  leut 
definite  idea.  The  word  itself — ajjinity — is  ill  chosen,  ila 
meftnipgi  in  this  instance,  bearing  no  ooalogy  to  iia  ordinary 
BeoM  ;  and  the  mode  of  ilB  action  is  convejed  bj  ccitaiii  coi^ 
TBttliooal  expressions,  no  dyoamic  theory  of  it  worthy  of 
atteation  having  been  adopted.  It«  action  so  modifies  and 
alters  the  character  of  matter,  that  the  changes  it  iur 
duces  have  acquired,  not  perhaps  very  logically,  a  generic 
GoniradistinctioD  from  other  material  changes,  and  we 
thus  use,  as  coniradiatinguiahed,  the  terms  physical  and 
chemical. 

The  main  distinction  between  chemical  afiinity  aod  physi- 
cal attraction  or  aggregation,  is  the  difference  of  character  of 
the  chemical  compound  from  its  componeals.  This  is,  how- 
ever, but  a  vague  lino  of  demarcation ;  in  many  cases,  which 
would  be  classed  by  all  ns  chemical  actions,  the  change  of 
character  is  but  slight ;  in  others,  as  in  the  effects  of  neutxali- 
tation,  Ihe  diiferenee  of  character  would  be  a  result  which 
would  equally  follow  from  physical  attraction  of  dissimilar 
■ubslaoccs,  the  previous  characters  of  the  constituents  depend- 
ing upon  this  very  attraction  or  affinity :  thns  an  acid  corrodes 
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I  tends  to  anito  with  another  body ;  when  united, 
e  power,  i.  e.  ila  tendency  to  onite,  being  satiated, 
o  to  speak,  be  further  attracted,  and  it  necessarily 
irrosive  power.  But  tliere  are  other  coses  where 
I  snch  result  could  d  priori  be  nnlicipaled,  as  where  the 
r  combining  tendency  of  the  compound  is  higher 
1  that  of  its  constituents :  thus,  who  could,  by  physical 
,  anticipate  a  substance  like  nitric  acid  from  the 
mbinatioa  of  nitrogen  and  osygen? 

The  nearest  approach,  perhaps,  that  we  can  form  to  a 

mprehension  of  chemical  action,  is  by  regarding  it  (vaguely 

pailuqm)  as    a  molecular    attraction    or    motion.      It  will 

firocUy  produce  motion  of  definite  mosses,  by  tlie  resultant 

flf  die  molecular  changes  it  induces ;    thus,  the    projectile 

cfibets  of  g:nnpowder  may  be  cited  as  familiar  instances  of 

notion  produced  by  chemical  action.     It  may  be  a  question 

irketber,  in  this  case,  the  force  which  occasions  the  motion 

of  the  mass  ia  a  conversion  of  the  force  of  chemical  affinity, 

or  whether  it  ia  not,  rather,  a  hberalion  of  other  forces  exist- 

in  a  stale  of  static  equilibrium,  and  having  been  brought 

I  such  t^te  by  previous   chemical    actions ;  but,  nt  all 

bests,  through  the  medium  of  electricity  chemical  afBuity 

Y  be  directly  and  <iuanli(fttively  converted  into  the  other 

B  of  force.     By  chetnicnl  affinity,  iben,  we  can  directly 

!  eUetrieily;  this  latter    force  was,  indeed,    said  by 

y  to   be  chemical  affinity  acting  on  masses  :  it  appears, 

I   be  chemical  atHnity  acting  in  a  definite  direction 

I  chain  of  particles ;  but  by  no  definition  can  the 

rt  relation  of  chemical  affinity  and  electricity  be  expressed ; 

T  the  latter,  however  closely  related  to  the  former,  yet  exists 

where  the  former  does  not,  as  in  a  metallic  wire,  which  when 

electrified,  or   conducting   electricity,  is,    nevertheless,    not 

nically  altered,  or,  at  least,  not  known  to  be  chemically 

red, 

t  Volta,  the  antitype  of  Prometbens,  first  enabled  us  de- 
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1  pUce,  the  nitric  acid  ia  deoxidiaed  by  the  trani- 

fund  hTdrogen,  and  a  current  of  electricily  may  be  detected 

ii  the  metals  or  connecting  metal  by  the  appHcatiou  <ff  a  gal- 

r  any  inBtniment  appropriate  for  detecting  such 

There  are  few,  if  any,  clictnieal  actions  which  caooot  be 
ti{ierimentally  made  to  produce  electricity ;  the  oxidation  of 
HKIals,  the  burning  of  combustibles,  the  combination  of  oxy- 
1  and  hydrogen,  &c.,  may  all  bo  made  sources  of  elec- 
tndly.  The  common  mode  in  which  the  electricity  of  the 
mkaic  batteiy  is  generated  is  by  the  chemical  action  of  water 
n  «inc ;  this  action  ia  increased  by  adding  certain  acide  to 
Wftt«r,  vhich  enable  it  1o  act  more  powerfully  upon  the 
I,  or  in  some  cases  act  themselves  upon  it ;  and  one  of  the 
t  powerful  chemical  actions  known — that  of  nitric  ncid 
D  oxidahie  metals — is  that  which  produces  the  most  pow- 
1  Toltaic  battery,  a  combination  which  I  made  known  in 
»  year  1639  :  indeed,  we  may  safely  say,  that  when  ihe 
tl  force  is  utilised,  or  not  wasted,  but  all  converted  into 
1  force,  the  more  powerful  ibe  chemical  action,  the 
e  powerM  is  the  electrical  action  which  results. 
It,  instead  of  employing  manufactured  products  or  educts, 
'  and  acids,  we  could  realise  as  electricity  the 
irbole  of  the  chemical  force  which  is  active  in  the  combustion 
f  cheap  and  abundant  raw  materials,  such  as  coal,  wood,  fat, 
r  or  water,  wo  should  obtain  one  of  the  greatest 
uractical  desiderata,  and  have  al  our  command  a  mechanical 
■  in  every  respect  superior  in  its  applicability  to  the 
a  engine. 
I  bare  shown  that  the  flame  of  the  common  blowpipe  gives 
M  to  a  very  marked  electrical  current,  capable  not  only  of 
beting  the  galvanometer,  but  of  producing  chemical  decom- 
l^cwitioin :  two  plates  or  coils  of  platinum  are  placed,  the  one 
ibe  portion  of  the  flame  near  the  orifice  of  the  jot,  or  at 
e  points  where  combustion  commences,  the  other  in  the  full 
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fimv^^m  9»baidoQ]s  at  iiB  nuadnnim ;  tUs  latter 
«iwv:i«  «k  K^^  .-^A-i..  7.-  fdbk  a  thermo-electric  cozrait,  whidk 
^  T.^-«'.:tv*<k  !«-  iM  irfim  temperanune  of  the  platimm 
-lOikci^  t-  * — ^vt?-iLV  ▼-rx  tbe  came  ciuieui :  wires  attached 
T  :.i  -a«-^  '.  *'.^f,z:Z'izL  z:rzi  the  terminab  or  poke.  Bj  a 
---»  T«  ;  aacv  .^ikurrr  ^r  Iw  xormed.  yielding  increaaed 
..r.  -.  ^*i  -r  :>.**  ;sr%!r:=3e-^5,  ihouzb.  theoreticallT  intez^ 
j^::-.  ■«  ^csul  1  r^i-^ivii  rc  :hf*  rv'^r.  ftcraaiir  at  work  in 
:^    <;i.x«.ur<^i:f.  5ia^  <«*ir:  -OT-.-r-i  zi:-:  &z  electrical  form,  that 

^     »aj-»-"»    :    -*=     ^•-'ti-\.tL  rarT«!ir.  AS  laeasnred  hythe 

.„*_...■•-  I  sa*--:.-  ■.  :^'5  -^  z  Ji  X*  crStrc^  phenomenal 
.17%. .^^  «  I 'M.^ r^ :-. -jz:.ie  v  ut-  T"* "-'/  rc  cbemical  action 
_.^  .  T_r.»«='.  :  iiri  i*-  i:'.t'.&u^  IT 7C"*^r of  orepcoming 
-  >^-s^-^' - .  *  -L*<,  •r»'X".in:iiiiitiii  !/  im  :2recasTT  «"  chemical 
_  7..-  ■.  t..  .  -;irj't  •"itaii"  ia*r  r?  !jini»!;»^»i-  ;r  to  the  nom- 
».    .    T*. ..- I'li:. ->   v-na  ;iti  ~«"^i->zi:-T-i -.z:!crsixxm  called 


.«, 


■•t:    v  '^x    .:  v:.  M    iix?  — iia.1.'  rirr'nis  2»  i^'TTTSAsed  in  in- 

•j>*  -         :   *<    •^'.-.r.'.i'ao  i:ii.  :*  n  j^iir  &  jctlczl?  instance 

•■  :  'iii*   "*  :u:*  ■li'   t^*:    :"*2u:ii-.»:  iziiJ:^i»  ■•£  didezent 

..., ^^      ..     I  7»;I.^•  ■!   r.:T«'  .i*  :kji;r  ^sfTil  Ti.'tiiMse::^  a  strong 

.;.,.-.  ,,p   r-;— rrfi.:.    uiu    i^riUtic  :c  Tiiir- t::^  :r  ocber  metal 

^.>^r^:T::   i'"-»*    '**  ^'    *-fi^»"'  ^•''^  ::rrr»:r.  :«  rcirtiallT  im- 

:xK.-^-^^i    :r    «    ~f^*  •  -'^    .vffnL3j::r  iilriss  z:=r«  *ci3,  bat  not 

,•   '.^T.UL"  ▼•  I  -'^^-i  ••':''-'*     Ji'-"  TaL:::iyrzi  ■'-jnr?  :oQKiin£  eadi 

.,     :»t-^'    ?u»    -   M  ■:    zhvjz  frr^rnj3«  =i=DiT!«ec  iz  another 

.,j^..    -i,    .vT.ii,:.!:;  1..-S:   ^^i  ^^nrrJ-"  *.'5i:  as  tie  acid  in 

,>a^.     v  >    •.•••:-*.?*:•:    :t  :i.;   :-i.i— >»1  i-^'-tt  of  the  xine 

•k-    x  ,\   .*-•■       --^  ^»-*''--  '-^  **'^-  --  ^t"***-  S  ^  alsodecom- 

vo^v..     ^-  .'^  •■    »^'  vj.-:::r  *:  '>£  err^iniTj  v>:  --i*  wipe  whirii 

.    ..     vx-^v    ^    :i    -X'  7.iicii=::  lie  csbe^iftil  power  is  oon- 

,   .v     ^    ■  -k-i^*^  -^^:    J.^.'oiri  lie  ▼-.r^p*-  aad, 

\* . ji    i^-    -  ^^'    ''   -^'  •****'  ^^www  a  sia  of  QXT^en  is  crohred 
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from  the  plmtinum  irire  in  Ihe  olfaer.  The  platiDiiin  wire  ifl 
Unu  thrown  into  a  coadition  onatogous  to  zinc,  or  has  ft  pow 
er  given  to  it  of  determining  the  osjgen  of  the  liquid  to  ita 
siirfB«e.  ihongh  it  cannol,  as  is  (he  case  with  zinc,  com> 
bine  with  it  under  simihir  circumslanceH.  If  we  now  subBti- 
nite  for  the  platinum  wire  which  was  connected  with  the 
platinum  plate,  a  zinc  wire,  we  liavc  in  addition  to  the  deleiv 
mining  tendency  by  which  the  platintim  was  affected,  the 
cfaeioical  affinity  of  the  oxygon  in  Teasel  B  for  the  zinc  wir^: 
thus  we  have,  added  to  the  force  which  was  originally  pro- 
duced by  the  zinc  of  the  combination  in  Tessel  A,  a  second 
force,  produced  by  the  zinc  in  Tcssel  B,  co-operating  with  the 
trat ;  two  pairs  of  zinc  and  platinum  thus  connected  produce, 
therefore,  a  more  intense  effect  than  one  pair ;  and  if  we  go 
on  adding  to  these  altematioas  of  zinc,  platinum,  and  liquid, 
we  obtain  an  indefinite  exaltation  of  chemical  power,  juat  as 
m  mechanics  wc  obtain  accelerated  motion  by  adding  fresh 
impulses  to  motion  already  generated. 

The  same  rule  of  proportion  which  boldtf  good  in  chemi- 
cal combinations  also  obtains  in  electrical  effects,  when  these 
u«  produced  by  chemical  actions.  Dalton  and  others  proved 
that  the  constituents  of  a  vast  number  of  compound  substances 
always  bore  a  definite  quantitative  relation  to  each  other : 
Uhk,  water,  wliich  consists  of  one  part  by  weight  of  hydro- 
gea  aniled  to  eight  parts  of  oxygen,  cannot  bo  formed  by  the 
mna  elements  in  any  other  than  these  proportions  ;  you  can 
anther  odd  to  nor  sabtract  from  the  normal  ratio  of  the 
•Jenents,  without  entirely  aliering  the  nature  of  the  com- 
ptmd.  Further,  if  any  element  be  selected  as  unity,  the 
oouibining  ratios  of  other  elements  will  hear  an  Invariable 
qoaatitatiTe  relation  to  tliat  and  to  each  other ;  thus  if  hydro- 
gen be  chosen  as  1,  oxygen  will  he  8,  chlorine  will  be  36  ; 
that  is,  oxygen  will  nnite  with  hydrogen  in  the  proportion  of 
8  parts  by  weight  to  I,  while  chlorine  will  nnite  willi  hydro- 
gen ia  the  proportion  of  36  to  1,  or  with  oxygen  in  the  pro- 
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Bibdiritb  each  plate  of  aioc,  eight  parts  of  oxygen  would 
b(  erolTed  from  one  of  the  platinum  terminalB :  that  is,  the 
vtigbls  would  be  precieelj  in  the  same  rulation  which  Datlon 
pimed  to  exist  in  their  chemical  combining  weights.  Thia 
naj  be  extended  to  all  Uqnidd  capable  of  being  decomposed 
bjtho  Toltaic  force,  thenca  called  Electrolytes  :  and  as  no  Tol- 
iskaffect  is  produced  by  liquids  incapable  of  being  thus  de- 
noiqwKd,  it  follows  that  voltaic  actioa  is  chemical  action  tak- 
ing place  at  a  distance,  or  transferred  throagh  a  chain  of 
media,  and  that  the  chemical  equivalent  numbers  are  the  bx- 
poaotts  of  the  amount  of  voltaic  action  for  correepoitding 
(bemieal  suhslances. 

As  heat,  light,  magnetism,  or  motion,  can  bo  produced  by 
tJie  requisite  application  of  the  el  ectric^  current,  and  as  this  is 
definitely  produced  by  chemical  action,  we  get  these  forces 
Kfj  definitely,  though  not  immediately,  produced  bj  chemi- 
cal action.  Let  us,  however,  here  enquire,  as  wo  have  al- 
ready done  with  respect  to  the  other  forces,  how  far  other 
forces  may  directly  emanate  from  chemical  affinity.  "^^ 

Heat  is  an  immediate  product  of  chemical  affinity.  I 
know  of  DO  exception  to  the  general  proposition  that  all  bod- 
ies in  chemically  combining  produce  heat ;  i.  e.  if  solu- 
tion be  not  considered  as  chemical  action,  and  even  in  that 
case,  when  cold  results,  it  is  from  a  change  of  consistence,  as 
from   the   solid  to  the  liquid  state,  and  not  from  chemical 

Wo  shall  find  that  the  same  view  of  the  expenditure  of 
force  which  wc  have  considered  in  treating  of  latent  heot 
holds  good  as  to  the  oxptenditure  of  chemical  force  when  re- 
garded with  reference  to  the  amount  of  heat  or  repulsive 
fijTce  w^hich  it  engenders,  the  chemical  force  being  here  ex- 
hausted by  chemical  expansion — that  is,  by  heat.  Thus,  in 
the  chemical  action  of  Iho  ordinary  combustion  of  coal  and 
oxygen,  the  expenditure  of  fuel  will  be  in  proportion  to  the 
expansibility  of  the  substances  heated ;  water  passing  freely 
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iato  Ifao  •tMMB  will  conemne  more  ftiel  than  if  it  be  eonSnad' 
and  kept  at  r  temperAtnre  Bbove  its  boiUng  poiat.  '' 

Wfay  diaiiLical  action  prodoceB  beat,  or  what  is  the  actjoo 
of  tfw  nxdaeoles  of  matter  when  chemically  uniting,  ia  a ' 
qnMtion  i^on  whicb  many  theories  bare  been  proposed  aad- 
ifliidt  may  possibly  be  never  more  than  approximately  rfr- ' 
Botred. 

Some  antbore  explain  it  by  the  condensation  which  la&M' 
place;  bntthia  will  not  account  for  the  many  iiwliiaa  whtrifil 
from  the  liberation  of  gases,  a  great  increase  of  vciina  'm^ 
snea  vptm  dteaucal  eombnstion,  as  in  tbe  fajwA***-  inMRHr' 
of  the  explosion  of  gnnpowder :  others  explain  it  aa  raadUif 
from  the  miion  of  atmoephmes  ot  positiTe  and  nsgatin  da» 
trici^  whidi  are  aasni^d  to  suirouud  the  atoma  of  ItediBsf - 
bat  jhis  isTolves  bypotlieos  npon  hypothesis.  Dr.  Woodbat' 
lately  thrown  oat  aviewttf  the  heat  of  dumical  action  lAfajh' 
is  more  in  accordance  with  a  dynamic  theory  at  bnat.  iiiil" 
as  such  demands  some  notice.  Starting  with  his  jmipoMom, 
which  I  have  prerions^  mentioned, '  that  the  nearer  ibm  pap*'- 
IJclea  of  bodies  are  to  each  other  the  less  they  raqoiia  to 
more  to  prodnce  a  given  motion  in  the  paitidos  of  anottwf 
body,'  his  argument,  if  I  rightly  nnderstaad  it,  aiieiiiniiii aana> 
thing  of  this  form. 

In  tiie  mechanical  approximation  <rf  the  paitidw  d  a 
homogeneous  body  heat  resohs ;  the  particles  a  a  (tf  tfaabo^ 
A  wonld,  by- their  approximaldon,  produce  expansion  in 'the 
neighbonring  body  B,  the  more  so  in  proportion  as  theydNiav 
selves  were  previously  nearer  to  each  other.  In 
combining,  a  a  the  partides  of  A  are  brongfat  into  Tory 
proximi^  with  6  £  the  particles  of  B ;  beat  shonld 
resnh,  and  the  greater  becaose  the  proximi^  may  fUily  bt 
aasnmed  tobe  greater  in  the  case  of  chemical  — ~'"TT**Tt 
than  in  that  of  medianieal  compreesion.  In  cases,  Aao^ 
wbere  there  is  no  absolute  diminntion  of  bulk  vaniag  m 
chemical  oombioalion,  if  the  greater  proximi^  of  tfa  MMt. 


jfsing  pttTliclee  be  such  that  tho  correlative  espansion  ongfat 
B  be  greater  (if  there  irere  no  cliemicol  combinatioii)  than 
%at  occupted  by  the  total  Tolume  of  the  oew  compound,  an 
igctrft  cxpondiiig  power  ia  evolved,  and  lieat  or  expansion 
pagbt  to  be  produced  in  BurroundiDg  bodic».  In  other  words, 
it  a  a  could  be  brought  by  physical  attraction  as  near  each 
Kher  as  they  are  by  chemical  attraction  brought  near  to  h  b, 
hej  would,  from  their  increased  proximity,  produce  an  ex- 
ptiUfiiTe  power  ultra  the  volume  ocropicd  by  the  actual  chem- 
ical compound  A  and  B.  The  question,  however,  immedi- 
B$efy  occurs,  why  should  the  volume  fit'  the  compound  be  lim- 
ited and  not  occupy  the  full  space  equivalent  to  the  expanding 
ar  induced  by  the  contraction  or  approximation  of  the 
farticlea.  As  the  distance  of  the  particles  is  the  resultant 
he  contending  contracting  and  expanding  powers,  this 
It  ought  to  express  itaelf  in  terms  of  the  actual  volume 
frodooed  by  the  combination,  which  it  certainly  does  not. 

Tbongh  I  see  some  difficulties  in  Dr.  Wood's  theory,  and 
.periiapa  have  not  rightly  conceived  it,  his  views  have  to  my 
1  great  interost,  his  mode  of  regardingnatural  phenomena 
g  analogous  to  that  which  I  have  in  this  Essay,  and  for 
MHtaj  years,  advocated,  viz,  to  divest  physical  science  as 
h  as  passible  of  hypothetic  fluids,  ethers,  latent  entities, 
Vecult  qualities,  i&c.  My  own  notion  of  the  boat  produced 
by  chemical  combination,  though  I  scarcely  dare  venture  an 
pinion  upon  a  subject  so  controverted,  is,  that  it  is  analogous 
»  ibe  heat  of  friction,  that  the  particles  of  matter  in  close 
■pfuoximation  and  rapid  motion  inter  se  evolve  heat  as  acon- 
ition  of  the  motion  interrupted  by  the  friction  or  intesti- 
nal motion  of  the  particles :  heat  would  thus  be  produced, 
whether  the  resulting  compound  wcro  of  greater  or  leaa  bulk 
n  the  sum  of  the  components,  though  of  course  when  the 
jponod  is  of  greater  bulk  less  heat  would  be  apparent  in 
^bbonring  bodies,  the  expansion  taking  place  in  one  of  the 
gtances  themselves — I  say  in  one  of  them,  for  it  u  stated 
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8  of  aathorily  tliat  there  is  ao  instaace  of  twi 
r  liquids,  or  a  solid  and  n  liquid,  combining  and  pro^ 
facing  a  compound  which  ia  entirelj  g&seous  at  ordinu^ 
temporaturegandpresenrea.  The  substance  gun-cotton,  how* 
ever,  discovered  by  Dr.  Schoenbein,  very  nearlj  realises  Uu^ 
proposition.  ^ 

Dr.  Andrews  has  airtTcd  at  the  concloeioQ,  after  carafhl- 
Qxpcriment,  that  in  chemical  combinations  vhere  acids  aoA 
alkalies  or  analogous  substances  are  employed,  the  amoiintof^ 
heat  produced  is  determined  by  the  basic  ingredient,  and  histi 
Biperimente  have  recei^d  general  assent ;  although  it  shouli^ 
be  stated  that  M.  Hoss  arrived  at  contrary  results,  the  acid.] 
constituent  according  to  his  experiments  famishiDg  the 
uro  of  the  heat  developed. 

lAghlia  directly  prodacedby  chemical  action,  as  in  the  flasl^ 
of  gunpowder,  the  buroing  of  phosphorus  in  oxygengas,and  ail) 
rapid  combustions  :  indeed,  whereverinl«nseheat  isdovelopediJ 
light  accompanies  it.  In  many  cases  of  slow  comhostioii, 
such  as  the  phenomena  of  phosphorescence,  the  light  is  apparenU., 
ly  mnch  more  intense  than  the  heat ;  the  former  being  obviouSi 
the  latter  so  difiicult  of  detection  that  for  a  long  time  it  fDA, 
a  question  whether  any  heat  was  eliminated ;  and  I  am.  noi.. 
aware  that  at  the  present  day,  any  thermic  effects  from  cets« 
tain  modes  of  phosphorescence,  such  as  those  of  phospho*, 
rescent  wood,  putrescent  fish,  &.C.,  have  been  detected.  i 

Chemical  action  produces  ma^nefum  whenever  it  is  throwa 
into  a  definite  direction,  as  in  the  phenomenon  of  clectrolysia^i 
I  may  adduce  the  gas  voltaic  battery,  as  presenting  a  aimplai 
instaace  of  the  direct  production  of  magnetism  by  chemical. 
synthesis.  Oxygen  and  hydrogen  in  that  combination  cheml-t 
colly  unilc  ;  but  instead  of  combining  by  intimate  molecular 
admixture,  as  in  the  ordinary  cases,  they  act  upon  water,  i.e. 
combined  oxygen  and  hydrogen,  placed  between  them  so  aa\ 
to  produce  o,  line  of  chemical  action ;  and  a  magnet  otyacent.^ 
to  this  line  of  action  is  deflected,  and  places  itself  at  rigfat^. 


OKKmOAI.  AmNTIT. 


I.M^Uit.     What  a  ckoin  of  molecoles  does  here, 

be  tto  doubt  all  the  molecales  enlenng  into 

Id  prodnco  in  ordinary  chemical  at^tions ;    but  in   such 

hthe  direction  of  the  lines  of  oombiDation  being  irrego- 

I  hrand  eoniiieei],  there  is  no  general  reaultant  ^^y  which  tho 

MgKt  can  be  affected. . 

What  the  exact  nature  of  tho  transference  of  chemiaal 

I  pvrcr  •rrD8s  an  electrolyte  ia,  we  at  present  know  not,  nor 

e  form  any  more  definite  idea  of  it  than  that  given  by 

I  ih  Ibeory  of  Grotthos.     We  have  no  knowledge  as  to  the 

I  nature  of  any  mode  of  chemical  action,  and,  for  the 

l.pMcat  most  Leave  it  as  an  obscure  action  of  force,  of  which 

kRire  researcbefi  may  simplify  our  apprehension. 

ffe  have  seen  that  an  equivalent  or  proportionate  eloctri- 

ll  effect  is  produced  by  a  given  amount  of  chemical  acliou; 

Fwe,  in  turn,  produce  heat  and  magaeiism  and  motion  by 

B  de«tridty  resulting  from  ohemical  action,  we  shall  be  able 

!»  mtnsure  lhe§c  forces  far  more  accurately  than  when   they 

are  directly  produced,  and  thus  to  deduce  their  equivalent  re- 

luion  to  the  initial  chemical  action.     Thus  M.  Favre,  aHer 

I  iMertolning  the  quantity  of  heat  produced  by  the  oxidation 

f  a  qnantitj  of  eiuc,  and  fiadlug,  ae  have  others,  that  the 

t  ta  the  some  when  evolved  from  a  voltaic  batlcry  by  the 

e  coomunplaon  of  zinc  forming  its  positive  element,  makes 

t  following  esperimenl. 

'  A  voltaic  battery  and  electro-magnet  are  immersed  in  cat-. 
I,  and  the  heat  produced  when  tho  connection  with 
bntagnet  is  effected  is  noted. 

^  ^nte  electro-msgnct  is  then  made  to  raise  a  wcigbc,  and 
I  perform  mechanical  work,  and  the  heat  produced  is 
n  noted.  It  ia  found  in  the  latter  case  that  less  heat  is 
nlvcd  than  in  (lie  former,  a  certain  quantity  of  heat  has 
fore  been  replaced  by  the  mechanical  work ;  and  by  esti- 
fting  the  amount  of  beat  subtracted,  and  the  amount  of 
k  produced,  he  deduces  the  relative  equivalent  of  work  to 
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heat.  These  experiments  give  a  prodnctum  of  mftMiawi^ 
work'  bj  chemical  action,  not,  it  is  true,  a  direct  prodnction,. 
bnt,  as  the  heat  and  work  are  in  inverse,  ratios,  and  each  haa 
its  source  in  chemical  action,  they  prove  that  they  are  definite 
for  a  definite  amonnt  of  chemical  action,  and  as  each  is  pn^ 
dnced  respectively  by  electricity  and  jnagnetism,  these  fixroei 
must  also  bear  a  definite  relation  to  the  initial  chemical  force. 

The  doctrine  of  definite  combining  proportions,  which  so 
beautifully  serves  to  relate  chemistry  to  voltaic  electricity^ 
led  to  the  atomic  theory,  which,  though  adopted  in  its  uiive> 
sality  by  a  large  majority  of  chemists,  presents  great  difficul- 
ties when  extended  to  all  chemical  combinations. 

The  equivalent  ratios  in  which  a  great  number  of  sub- 
stances chemically  combine,  hold  good  in  so  many  instances, 
that  the  atomic  doctrine  is  believed  by  many  to  be  universally 
applicable,  and  called  a  law ;  and  yet,  when  followed  in  the 
combinations  of  substances  whose  natural  chemical  attractions 
are  very  feeble,  the  relation  fades  away,  and  is  sought  to  be 
recovered  by  applying  a  separate  and  arbitrary  multiplier  to 
the  difierent  constituents. 

Thus,  when  it  was  found  that  a  vast  number  of  substances 
combined  in  definite  volumes  and  weights,  and  in  definite  vol- 
umes and  weights  only,  it  was  argued  that  their  ultimate 
molecules  or  atoms  had  a  definite  size,  as  otherwise  there 
was  no  apparent  reason  why  this  equivalent  ratio  should  hold 
good :  why,  for  instance,  water  should  only  be  formed  of  two 
volumes  or  one  imit  by  weight  of  hydrogen,  and  of  one  vol- 
ume or  eight  units  by  weight  of  oxygen ;  why,  unless  there 
were  some  ultimate  limits  to  the  divisibility  of  its  molecules, 
should  not  water,  or  a  fluid  substance  approximating  to  water 
in  character,  be  formed  by  a  half,  a  third,  or  a  tenth  part  of 
hydrogen,  with  eight  parts  of  oxygen  ? 

It  was  perfectly  consistent  with  the  atomic  view  that  a 
substance  might  be  formed  with  one  part  combined  with  ei^t 
parts,  or  with  sixteen,  or  with  twenty-four,  for  in  such  a  sub- 
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Knee  there  would  be  no  subdivision  of  the  (enpposed  indivi- 
■hle)  molecule  ;  and  this  held  good  with  many  compounds ; 
ftm  fonrleen  partH  by  weight,  say  grains  of  nitrogen,  wiD 
arobiiio  respectively  with  eight,  sixteen,  twenty-four,  thirty- 
Iwo,  and  forty  parts  by  weight,  or  grains,  of  osygen. 

So,  o^in,  twenty-aevea  grains  of  iron  will  combine  with 
a^ht  grains  of  oxygen  or  with  twenty-four  grains,  i.  e.  Iiire« 
pmportionals  of  oxygen.  No  compound  is  known  in  which 
■wsnty-scren  grains  of  iron  will  combine  with  two  propop- 
(junals  or  rixtcen  grains  of  osygen  ;  but  this  does  not  much 
iflrKt  the  theory,  as  such  a  compound  may  be  yet  discovered, 
I  « there  may  be  reasons  at  present  unknown  why  it  cannot  bo 
Cnud. 

But  now  comes  n  difficulty :  twenty-seven  parts  by  weight 
of  iron  kHI  combine  with  twelve  paHa  by  weight  of  oxygen, 
. -il  twenty-seven  parts  of  iron  will  also  combine  with  ten 
.Dii  two-lhird  parts  of  oxygen.  Thus  if  we  retain  the  unit 
of  iron  we  must  subdivide  the  unit  of  osygen,  or  if  we  retain 
the  nnit  of  oxygen  we  must  subdivide  the  unit  of  iron,  or  we 
must  subdivide  both  by  a  different  divisor.  What  then  be- 
comes of  the  notion  of  on  atom  or  molecule  physically  indi- 

If  iron  were  the  only  substance  to  which  this  difficulty 
ipplkd,  il  might  be  viewed  as  an  unexplained  exception,  or 
u  a  mixture  of  two  oxides ;  or  recourae  might  be  bad  to  a 
more  minnle  subdivision  to  form  the  units  or  equivalents  of 
other  Eubstances ;  but  numerous  other  substances  fall  under 
a  umilar  category ;  and  in  organic  combinations,  to  preserve 
the  atomic  nomenclature  we  must  apply  a  separate  multiplier 
or  divisor  to  far  the  greater  number  of  the  elementary  con- 
_  Rtitaents,  I.  e.  we  must  divide  that  which  is,  ex  hypothesi,  indi- 

Thns,  to  take  a  more  comples  sabstance  than  any  formed 
by  the  combination  of  iron  and  oxygen,  let  us  select  the  sub- 
stance olbomen,  composed  of  carbon,  hydrogen,  nitrogen, 
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oxygen,  pbospboms,  and  Bolpliiir.    In  tbis  case  ira  xuaat  A 
ther  divide  the  atoms  of  phosphoros  and  snlplmr  so  aa  to  v^ 
duce  them  to  small  fractions,  or  multiply  the  aloms  of  the 
other  substances  by  extravagant  numbers ;  thus  to  preserve 
the  unit  of  one  of  the  constituents  of  this  substance,  diemisfit 
say  it  is  composed  of  400  atoms  of  carbon,  310  of  hydrogen, 
120  of  oxygen,  50  of  nitrogen,  2  of  sulphur,  and  1  of  phoa- 
phorus.     This  is  a  somewhat  extreme  case,  but  wrmilar  difr 
cultics  will  bo  found  in  different  degrees  to  prevail  among  or- 
ganic compounds ;  in  very  many  no  constituent  can  be  taken 
as  a  unit  to  which  simple  multiples  of  Ymy  of  the  others  will 
give  their  relative  proportions.    By  the  mode  of  notation 
adopted,  if  any  conceivable  substance  be  selected,  it  could, 
whatever  be  tlic  proportions  of  its  constituents,  be  termed 
atomic.     A  solution  of  an  ounce  of  sugar  in  a  pound  of  wa- 
ter, in  a  pound  and  a  half,  in  a  pound  and  a  quarter,  in  a 
pound  and  a  tenth,  might  be  expressed  in  an  atomic  form,  if 
we  select  arbitrarily  a  midtiplier  or  divisor. 

It  is  true  that  in  the  case  of  solution,  different  proportirait 
can  be  united  up  to  the  point  of  saturation  without  any  dif- 
ference in  the  character  of  the  compound,  though  the  same 
may  be  predicated  to  some  extent  of  an  acid  and  an  alkali ; 
but  even  where  the  steps  are  sudden,  and  compounds  only 
exist  with  definite  proportions,  they  cannot,  in  a  multitude  of 
cases,  be  reconciled  with  the  true  idea  of  an  atomic  combina- 
tion, i.  e.  one  to  one,  one  to  two,  &c. 

Although,  therefore,  nature  presents  us  with  facts  which 
show  that  there  is  some  restrictive  law  of  combination  which 
in  numerous  cases  limits  the  ratios  in  which  substances  will 
combine,  nay,  further,  shows  many  instances  of  a  proportion 
between  the  combining  weights  of  one  compound  and  those 
of  another ;  although  she  shows  also  a  remarkable  simplicity 
in  the  combining  volumes  of  numerous  gases,  she  also  gives 
numerous  cases  to  which  the  doctrine  of  atomic  combinations 
cannot  fairly  be  applied. 
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Tliat  tlicrc  miut  be  something  in  the  constitodoii  of  mat- 
ir,  or  in  the  faffca  whidi  act  on  it,  to  account  for  the  per 
•dburn  nuuiDer  in  which  chemical  conibinotioDa  take  place,  is 
intviuhlo  ;  bat  tlie  idea  of  atoms  docs  not  seem  sutislkctorily 
u>  nccODDt  for  il. 

By  sclenting  a  separftto  multiplier  or  divisor,  chemJBts 
may  denote  every  combination  in  t(>rma  derived  from  the 
aicmtc  theory ;  but  they  have  passed  from  the  original  law, 
wiiich  contemplated  only  definite  multiples,  and  the  very  hy- 
poihelic  expressions  of  atoms,  which  the  apparently  simple 
rrialiona  of  combining  wcTg-hts  first  led  them  to  adopt,  thoy 
•re  obliged  to  vary  and  to  contradict  in  tennfi,  by  dividing 
that  which  their  hypothesis  and  the  expression  of  it  assumed 
to  be  indivisible. 

While,  tberdbrc,  I  fully  recognise  a  great  natnral  truth 
in  the  definite  ratios  presented  by  a  vast  number  of  chemical 
combinations,  and  in  the  per  tallum  steps  in  which  nearly  all 
t«kc  place,  I  cannot  accept  as  an  argument  in  favour  of  an 
■loinic  theory,  those  combinations  which  are  made  to  support 
it  by  tlic  application  of  an  arbitrary  notation. 

A  similar  straining  of  theory  seems  gradually  obtaining 
in  ivgard  to  the  doctrine  of  compound  radicals.  The  discov- 
ary  gf  cyanogen  by  Gay-Luaaac  was  probably  the  first  in- 
dHcement  to  the  doctrine  of  compound  radicals ;  a  doctrine 
iriiioh  ia  now  generally,  perhaps  too  generally,  received  in 
orguiic  chemistry.  As,  in  iho  case  of  cyanogen,  a  body  ob- 
nomly  compound  discharged  in  almost  all  its  reactions  the 
fuiMtiQDa  of  an  eJement,  so  in  many  other  cases  it  was  found 
ttad  compound  bodies  in  which  a  great  number  of  elements 
existed,  might  be  regarded  aa  binary  combinations,  by  con- 
ndertog  certain  groups  of  these  elements  as  a  compound  rad- 
ical; Iliads,  as  a  simple  body  when  treated  of  in  relation  to 
tbo  other  complex  substances  of  which  it  forms  part,  and 
only  a«  non-clemeulary  when  referred  toils  internal  coaati- 
tolion. 
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ITndoiibtedly,  by  appraznnsting  in  tfaeoiy  tlie  remctfoBB  of 
inorganic  and  of  organic  chenuBtiy,  by^keeping  the  mini 
within  the  limiu  of  a  beaten  path,  instead  of  allowing  it  to 
wander  through  a  maze  of  isolated  facts,  the  doctrine  of  com- 
pound radicals  has  been  of  service ;  but,  on  the  other  hand, 
the  indefinite  variety  of  changes  which  may  be  rang  upon  the 
composition  of  an  organic  substance,  by  different  assodations 
of  its  primary  elements,  makes  the  bioaiy  constituents  vaiy 
as  the  minds  of  the  authors  who  treat  of  them,  and  makss 
their  grouping  depend  entirely  upon  the  strength  of  the  anal- 
ogies presented  to  each  individual  mind.     From  this  caussi 
and  from  the  extreme  license  which  has  been  taken  in  theo* 
retic  groupings  deduced  from  this  doctrine,  a  serioun  qoestiDn 
arises  whether  it  may  not  ultimately,  unless  caiefally  f^ 
stricted,  produce  confusion  rather  than  simplicity,  and  be  to 
the  student  an  embarrassment  rather  than  an  assistance. 


c^ 


Vrn.— OTHEU  MODES  OF  FORCE. 

>ATAJjTSIS,  or  the  chemical  action  induced  by  the 
(  preaenec  of  a  foreign  body,  enabracea  a  class  of 
feels  wbicb  mnst  considerably  modify  many  of  our  notions  of 
(jiemical  oCtion :  thTia  oxygen  nnd  hydrogen,  when  mixed  in 
a  gaseonB  Btatc.  vrill  remain  ttnaltcred  for  an  indefinite  pe- 
riod ;  but  the  introdaetion  to  them  of  a  slip  of  clean  plati- 
num will  caase  more  or  leas  rapid  combination,  without  being 
in  itself  ia  any  respect  altered.  On  the  other  hand,  oxygen- 
ated water,  which  is  a  eompotmd  of  one  equivalent  of  hydro- 
gen plus  two  of  oxygen,  will,  when  nnder  e.  certain  tempera- 
ture, remain  perfectly  stable  ;  but  touch  it  with  platinum  in 
a  state  of  nunnte  dirision,  and  it  is  instantly  decomposed, 
one  eijniyalent  of  oxygen  being  aet  free.  Here,  again,  the 
platinum  is  unaltered,  and  thus  we  have  synthesis  and  analy- 
na  effected  apparently  by  the  mere  contact  of  a  fbreign  liody. 
It  is  not  improbable  that  the  increased  electrolytic  power  of 
water  by  the  addition  of  some  acids,  snch  as  the  sulphuric 
and  phosphoric,  where  the  acida  themBclvea  are  not  decom- 
posed, depends  upon  a  catidytic  effect  of  these  acids  ;  but  we 
know  too  little  of  the  nature  and  rationale  of  catalysis  to  ex- 
press aav  confident  opinion  on  its  modes  of  action,  and  pos- 
sibly we  may  comprehend  very  different  molecular  actions 
oader  one  and  the  same  name.  In  no  case  docs  catalysis 
field  US  new  power  or  force  :  it  only  determines  or  facilitates 
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8  with  no  resiatiiig  medium,  then,  as  long  as  tliat  rotation 
dnnes,  the  motion  of  Ihe  meteoric  mass  itself  would  be 
■  eipooent  of  the  force  impelling  it;  if  there  be  a  reaist- 
(imedram,  part  of  this  motion  would  be  arrested  and  taken 
Iplijibe  medinm,  cither  aa  motion,  heat,  electricity,  or  some 
other  mode  of  force  ;  if  the  meteor  approach  the  earth  Buffi- 
WntJy  to  fall  upon  it,  the  perceptible  motion  of  the  meteor 
a  flopped,  but  is  taken  up  by  the  earth  which   vibrates 
ttiTDugh  its  mass ;  part  also  reappears  as  heat  in  both  earth 
uid  meteor,  and  part  in  the  change  in  the  earth's  posilioo 
caasoquent  on  its  increase  of  gravity,  and  so  od.     Gravita- 
[iini  is  but  the  subjective  idea,  and  its  relation  to  other  modes 
of  force  seema  to  me  to  be  identical  with  that  of  pressure  or 
motion.     Thus,  when  arrested  motion  produces  heat,  it  mat- 
ters not  whether  the  motion  has  been  produced  by  a  falling 
body,  i.  e,  by  gravitation,  or  a  body  projected  by  an  esplo- 
■Ire  compound,  &c. ;  the  heat  will  bo  the  same,  provided  the 
^^Bm  and  Telocity  at  the  time  of  arrest  be  the  same.     In  no 
^^Bhr  aenee  can  I  conceive  a  relation  between  gravitation  and 
^^ftotlior  forces,  and,  with  all  diffidence,  I  cannot  agree  with 
fliiDBe  who  seek  a  more  myalerioua  link. 

Mosotti  has  mathematically  treated  of  the  identity  of 
gravitatioa  with  cohesive  attraction,  and  Pliicker  has  recently 
succeeded  in  showing  that  crystalline  bodies  are  definitely  af- 
fected by  magnetism,  and  take  a  position  in  relation  to  the 
lines  of  magnetic  force  dependent  upon  their  optical  axis  or 
axis  of  symmetry. 

What  is  termed  the  optic  axis  is  a  fixed  direction  through 
crystals,  in  which  they  do  not  doubly  refract  light,  and  which 
direction,  in  those  crystals  which  have  one  axis  of  figure,  or 
»  Kne  around  which  the  figure  is  symmetrical,  is  parallel  to 
the  axis  of  synMnotry.  When  submitted  to  magnetic  influ- 
«ncB  such  crystals  take  up  a  position,  so  that  their  optic  axis 
points  diamagnetically  or  transversely  to  the  lines  of  magnetic 
force ;  and  when,  as  is  the  case  in  some  crystals,  there  is 


OOBBEIATIOH  07  PBTBIOAL   F'       |       mi 


more  than  one  optic  axis,  the  rosnltant  of 
diamagDetically.  Tho  niiaeral  c/anilc  is 
netiam  in  so  marked  a  manner  that  whr 
arrango  itaelf  definitely  with  reference  lo  • 
rMtrial  magnetism,  und  tnaj,  according  i 
as  a  compass-needle. 

There  is  scarcely  any  doubt  that  the 
cemed  in  aggregation  ia  the  same  which 
ciystallino  form ;  indeed,  a  vast  number  ' 
if  not  all,  which  appear  amorphaus  are, 
ined,  fonud  to  be  crystalline  in  their  struc 
reciprocity  of  action  between  the  force  wh 
cules  of  matter  and  the  magnetic  force,  ai 
dium  of  the  latter  the  correlation  of  the  ' 
gation  with  the  other  modes  of  force  mayT 

I  believe  that  the  some  principles  and! 
as  have  been  adopted  in  this  essay  migl 
organic  as  well  as  the  inorganic  world ; 
force,  BniTTiiil  and  Testable  heat,  &c., 
time  will,  be  shown  to  have  aimilar  definil«l 
have  porposely  avoided  this  subject,  as 
ment  of  science  to  which  I  have  tkot 
I  ought,  however,  while  alluding  to  this 
mention  some  experiments  of  Professor 
cated  to  the  Boyal  Society  in  the  year  II 
pears  that  whatever  mode  of  force  it  be 
olong  the  nervous  filaments,  this  mode 
affcctud  by  currents  of  electricity.     His 
that  when  a  current  of  positive  electric!^ 
of  tho  mnaclo  of  a  Uving  animal  in 
in  which  the  nerves  ramily — L  e.  a  direi 
to  the  extremities — a  muscular  contracUon 
limb  experimented  on,  showing  that  the  d< 
affected ;  while,  if  the  ctirrent,  as  it  is  tm 
traverse  the  muscle  in  the  reverse  directioi 
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e^tStmsx^i^  ffilimt  of  Ihese  Kses  pointf 

I7.     T^  minoal  cjmnxie  is  inflnenoed  hj  mmf^ 

=sirk£«i  ft  nunacr  that  wbcn  suspended  it  wDl 

ir  visk  referenee  to  the  directieii  of  ter- 

And  maT,  aceordiiig  to  Flayer,  be  used 

Tbiere  »  scmzreiT  mst  doobc  that  the  fbree  which  is  con- 
d  i=.  «^r^:»irv:'«  is  the  same  which  gives  to  wi^tfaw  its 
lEEsis  fbra :  indeed*  a  Tast  nnmber  of  ixKxrgaiiic  bodies, 
iz*  ^cc  aZ.  wnii:fi  app«ar  aznorphoos  are,  when  doselj  exam- 
iaed.  rcon-i  uy  Iw  oxyTCallixK  in  their  stractnre :  we  thns  get  a 
rccfrr«>!kT  oc  actioci  becwieen  the  force  which  mutes  the  mole- 
cole^  oc  marter  aad  the  magnedc  force,  and  through  the  m^ 
diizm  ot  the  laner  the  correlation  of  the  attraction  of  aggre- 
gadon  wiih  ihe  other  modes  of  force  mar  be  established. 

I  t^Iir:Tc  iLa:  ihe  same  principles  and  mode  of  reasoning 
83  haTe  l-eez.  adopted  In  this  essay  might  be  applied  to  the 
orzanio  as  well  as  the  inorzanie  world ;  and  that  mnscolar 
fon.Me,  anJTnal  and  Ti^table  heat,  d:c.,  might,  and  at  some 
time  will,  be  shown  to  hare  similar  definite  correlations ;  but  I 
have  pnrposely  avoided  this  subject,  as  pertaining  to  a  depart- 
ment of  science  to  which  I  have  not  devoted  my  attention. 
I  ought,  however,  while  aOnding  to  this  subject,  shortly  to 
mention  some  experiments  of  Professor  Matteucci,  communi- 
cated to  the  Royal  Society  in  the  year  1850,  by  which  it  ap- 
pears that  whatever  mode  of  force  it  be  which  is  propagated 
along  the  nervous  filaments,  this  mode  of  force  is  definitely 
affected  by  currents  of  electricity.  His  experiments  show 
that  when  a  current  of  positive  electrieky  traverses  a  portion 
of  the  muscle  of  a  living  animal  in  the  same  direction  as  thai 
in  which  the  nerves  ramify — i.  e.  a  direction  from  the  brain 
to  the  extremities — a  muscular  contraction  is  produced  in  the 
limb  experimented  on,  showing  that  the  nerve  of  motion  is 
affected ;  while,  if  the  current,  as  it  is  termed,  be  made  to 
traverse  the  muscle  in  the  reverse  direction,  or  towards  the 
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Berroos  centres,  the  tmimal  uttera  cries,  and  exhibits  all  the 
indicatioas  of  euffering  pain,  scarcely  aay  muscular  move- 
Bent  being  produced ;  showiog  that  in  this  case  the  nerves 
of  aenaadon  are  affected  by  the  electric  correat,  and  therefore 
that  some  definite  polar  condition  exists,  or  is  induced,  in  the 
aema,  to  which  electricity  is  correlated,  and  that  probably 
this  polar  condition  constitutes  nervous  agency.  There  are 
other  analogies  given  in  the  papers  of  M.  Matteucci,  and  de- 
rived &om  the  action  of  the  electrical  organs  of  fishes,  which 
Mad  to  corroborate  and  develope  the  same  view. 

By  ao  application  of  the  doctrine  of  the  Correlation  of 
Forces,  Dr.  Carpenter  has  shown  how  a  difficulty  arising 
from  the  ordinary  notions  of  the  developement  of  an  organised 
being  from  its  germ-cell  may  be  lessened.  It  has  been 
thonght  by  many  physiologiels  that  the  niava  /ormativua,  or 
vrguuang  force  of  an  animal  or  vegetable  structure,  lies  dor- 
ataat  in  the  primordial  germ-cell.  '  So  that  the  organising 
force  required  to  build  up  an  oak  or  a  palm,  on  elephant  or  a 
wlwle,  is  concentrated  in  a  minute  particle  only  4iseernible 
bj  microscopic  aid.' 

Cert&ia  other  views  of  nearly  equal  difficulty  have  bees 
piopoonded.  Dr.  Carpenter  suggests  the  probability  of  ex- 
traneous forces,  as  heat,  light,  and  chemical  affinity,  contii^ 
nonsly  operating  upon  the  material  germ  ;  eo  that  all  that  la 
required  in  this  is  a  structure  capable  of  receiving,  directing, 
and  converting  these  forces  into  those  which  tend  to  the  aasim- 
iladoQ  of  extraneous  matter  and  the  definite  dcvelopcment  of 
the  particnlar  structure.  lu  proof  of  this  position  be  shows 
bew  dependent  the  p^pcess  of  germ  dcvelopcment  is  upon  the 
prMenoo  and  agency  of  external  forces,  particularly  heat  and 
light,  and  how  it  is  regulated  by  the  measure  of  these  forces 
supplied  to  it. 

It  certainly  is  far  less  difficult  bo  to  conceive  the  anppjy 
of  ibrte  yielded  to  organised  beings  in  their  gradual  process 
of  growth,  than  to  suppose  a  store  of  dormant  or  latent  force 
pent  up  in  a  microscopic  monad. 


IT* 

As  I7  tbi  artiflBU  ilniotan  of  A^^^ 
cal  MtioDs  nay  bo  made  to  eooparato  IB.  a  daAfliti  dhialpif^ 
flo,  bj  the  organism  of  a  Tegetafak  or  animaly  flia  »o4l|:^a 
motam  id&icli  oopfltitotes  beat,  lig^  4e^  mafi  wiihnptiiiijuy 
Tagenoe,  be  conoeiTed  to  be  i^ypropriated  and  duo^gid  isMM 
tb^  finroes  wbicb  xndnoe  fbe  aboorptioiiy  and  ■wimilatWi  ^ftj^ 
mitiimeDti  and  into  nerrons  agencj  and  mmottlar  ponaMo 
Tmlii  nlMimi  liriiimilti  nmiij^liiii  imjlm  ilnhiiiiiilin  ttiu  wiilingt, 
ofUebig*  ■    'ia 

Some  difflciiby  in  stadjing  the  condatioiiB  of  TitaLvi4r.i 
inorganic  pbjsical  foroee  aiiMB  ftom  the  eflbcte  of  nuealifli^i.; 
and  conscioiiflneasy  preeenting  a  similar  ccmfosum  to  tk«|F 
aOnded  to,  when,  in  treating  of  beat,  I  Tentnred  to  aaggii^'. 
that  obeeryers  are  too  apt  to  oonfirand  the  sensatJons  iridfc  lhi:».i 
phenomena.    Thus,  to  apply  some  of  the  oonsiderataoBS  evh-, 
force,  given  in  the  introductory  portion  of  this  essay,  to  cues  • 
where  vitality  or  consdaasness  intervenes.    Wben  a  we%^,.* 
is  raised  by  the  hand,  there  shoold,  according  to  the  dootiiat  < 
of  non-creation  of  force,  4iave  been  somewhere  an  expandttan^  • 
equivalent  to  the  amount  of  gravitation  overcome  in  raising 
the  weight.    That  there  is  ezpenditore  we  can  prove,  tfaoii|^; ' 
in  the  present  state  of  science  we  cannot  measore  it.    Tbm^  . 
prolong  the  effort,  raise  weig^  f<Mr  an  bonr  or  two,  the  vital . 
powers  sink,  food,  L  e.  fresh  chemical  force,  is  reqmred  to 
supply  the  exhaustion.     If  this  siq>ply  is  withheld  and  tha. 
exertion  is  continued,  we  see  the  consumption  of  foroe  ia, 
the  supervening  weakness  and  emaciation  of  the  body* 

The  consciousness  of  effort,  which  has  formed  a  topie  of   ' 
argument  by  some  writers  when  treading  of  force,  and  is  Iqf  ■ 
them  believed  to  be  that  wbicb  bas  originated  the  idea  a( 
force,  may  by  the  physical  student  be  regarded  as  fiwftig  ia 
in  the  phenomena  of  heat  and  cold,  via*  a  sensatioa  of  tin- 
struggle  of  opposing  molecular  motions  in  overoomiqg  Hia 
resistance  of  the  roaaBes  to  be  moved.    Wben  we  say  wa  ftel 
bot,  we  foel  cold,  we  foel  that  we  are  exerting  ourselfaai  Mr- 
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expressiouB  are  intelligible  to  beings  who  ore  capable  of  ox- 
periiMiciDg  similar  seasations ;  but  the  physical  changes 
ac«>mpanying  these  acnsations  are  not  thereby  explained. 
Without  pretending  to  know  what  probably  wo  shall  ncTcr 
kaow,  the  actual  Tnodus  agendi  of  the  brain,  nerres,  musclea, 
dec,  we  may  atudy  vital  as  wo  do  inorganic  phenomena,  both  by 
oheervution  and  eicperipient.  Thus,  SirBeDJaniinBrodiehas 
examined  Ihe  effect  of  respiration  on  animal  heat  by  inducing 
tutiliciul  respiration  at\er  the  spinal  cord  has  been  severed ; 
in  which  case  he  finds  the  animal  heat  declines,  notwith- 
standing the  continuance  of  the  chemical  action  of  respiration, 
(ttrboDic  acid  being  formed  as  usual ;  but  he  also  finds  that 
under  (nich  circtunstBuces  the  struggles  or  mosctilar  actions 
of  the  animal  are  very  great,  and  sufficient  probably  to  ao. 
<-onnt  for  the  force  eliminated  by  Ihe  chemical  action  in 
digestion  and  respiration ;  and  Liebig,  by  measuring  the 
amoimt  of  chemical  action  in  digestion  and  respiration,  and 
compaiing  it  with  the  labour  performed,  haa  to  some  extent 
established  their  equivalent  relations. 

Mr.  Helmholtz  haa  found  that  the  chemical  changes  which 
tike  place  in  muscles  ore  greater  when  these  are  made  to 
undergo  contractions  than  when  they  are  in  repose  ;  and  that, 
as  would  be  expected,  the  consumption  of  the  matter  of  the 
muscles,  or,  in  other  terms,  the  waste  or  excrementitibua 
BiMter  thrown  off,  is  greater  in  the  former  than  in  the  latter 
CSM. 

M.  Matteucci  has  ascertained  that  the  muscles  of  recently 
killed  frogs  absorb  oxygen  and  exhale  carbonic  acid,  and  that 
when  they  arc  thrown  into  a  slate  of  contraction,  and  still 
more  when  they  perform  mechanical  work,  the  absorption  is 
inereued  ;  and  he  even  calculates  the  equivalents  of  work  so 
performed. 

M .  Beclard  finds  that  the  quantity  of  heat  produced  by 
v<diuitary  mnecnlar  eontractiou  in  man  is  greater  when  diat 
contraction  is  what  he  terms  static,  that  is,  when  it  produces 
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no  external  work,  bat  is  effort  alone,  than  when  that  eSbri 
and  contraction  are  employed  dynamically,  so  as  to  raue  a 
weight  or  prodnce  mechanical  work. 

Thn5«  though  we  may  see  no  present  promise  of  being 
able  to  iv^^bre  sensations  into  their  ultimate  elements,  or  to 
trace,  physically*  the  link  which  unites  volition  with  exertion 
or  effort,  in  terms  of  our  own  consciousness  of  it,  we  may 
hope  to  approximate  the  solution  of  these  deeply  interesting 
questions. 

In  the  same  individual  the  chemical  and  physical  state  of 
the  secretions  in  the  warm  may  be  compared  with  those  in 
the  cold  parts  of  the  body.  The  changes  in  digestion  and 
lespiration,  when  the  body  is  in  a  state  of  rest,  may  be  com- 
parod  with  those  which  obtain  when  it  is  in  a  state  of  activify. 
The  Tvlations  with  external  matter,  maintaining,  by  the  con- 
stant play  of  natural  forces,  the  vital  nucleus,  or  the  organi- 
sation by  moaus  of  which  matter  and  force  receive,  for  a 
detiuito  porioil.  a  definite  incorporation  and  direction,  may  be 
ascertained,  while  the  more  minute  structural  changes  are 
revealed  to  us  by  the  ever-improving  powers  of  the  micro- 
scope ;  and  thus  step  by  step  we  may  learn  that  which  it  is 
given  to  us  to  learn,  boundless  in  its  range  and  infinite  in  its 
progress,  and  therefore  never  giving  a  response  to  the  ultimate 
— AVhv? 

As  the  first  glimpse  of  a  new  star  is  caught  by  the  eye  of 
the  astronomer  while  directing  his  vision  to  a  different  point 
of  space,  and  disappears  when  steadfastly  gazed  at,  only  to 
have  its  position  and  figure  ultimately  ascertained  by  the  em- 
ployment of  more  penetrative  powers,  so  the  first  scintlUationa 
of  new  natural  phenomena  frequently  present  themselves  to 
the  eye  of  the  observer,  dimly  seen  when  viewed  askance, 
and  disappearing  if  directly  looked  for.  When  new  powers 
of  thought  and  experiment  have  developed  and  corrected  the 
first  notions,  and  given  a  character  to  the  new  image,  proba- 
bly very  different  firom  the  first  impression^  fresh  objects  are 
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f^aaeed  at  in  the  margin  of  the  new  field  of  yision, 
irliieii  in  their  torn  have  to  be  verified,  and  again  lead  to 
extensions ;  thns  the  effort  to  establish  one  observation 
to  the  in^>erfect  perception  of  new  and  wider  fields  of 
and,  instead  of  approaching  finality,  the  more 
we  discover,  the  more  infinite  appears  the  range  of  the  nndis- 
eoferedl 


8* 


I 


I  HAVE  aow  gone  throogh  the  affections  of  matter  for 
wtiich  distiuct  names  have  been  given  in  our  received 
nomcnclatnre  :  tbat  other  forces  may  be  detected,  differing  as  • 
mnch  from  tUcm  as  they  differ  &om  each  other,  is  highly 
probable,  and  that  when  discovered,  and  their  modes  of 
action  fully  traced  out,  they  will  be  found  to  bo  related  inter 
te,  and  to  these  forces  as  these  are  to  each  other,  I  believe 
to  be  as  far  certain  as  certainty  can  be  predicted  of  any  future 
event. 

It  may  in  many  cases  be  a  diiBcuIt  question  to  determine 
what  constitutes  a  distinct  affection  of  matter  or  mode  of 
force.  It  is  highly  probable  that  different  lines  of  demarca 
tioD  would  have  been  drawn  between  the  forces  already 
known,  had  they  been  discovered  in  a  different  manner,  or 
first  obserfed  at  different  poiuta  of  the  chain  which  connectB 
thecD.  Thus,  radiant  heat  and  light  are  mainly  diatinguished 
by  the  manner  in  which  they  affect  our  senses:  were  they 
viewed  according  to  the  way  in  which  they  affect  inorganic 
matter,  very  different  notions  would  possibly  be  entertained 
of  their  character  and  relation.  Electricity,  again,  wna 
named  &om  tlie  substance  in  which,  and  magnetism  &om  the 
district  where,  it  first  happened  to  be  observed,  and  a  chun 
of  intermediate  phenomena  have  so  eonnected.eIectrici^  with 
galvanism  that  they  are  now  regarded  as  the  eame  fiirce, 
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r  difiering  only  in  the  degree  of  its  intensity  and  qnantity, 
thoogh  for  R  loDg  time  they  were  regarded  lis  diatinct. 

The  phenomenon  of  attraction  and  repulsion  by  amber, 
which  originated  the  term  dedneiii/,  is  ae  unlike  that  of  the 
decomposition  of  water  by  the  voltaic  pile,  aa  any  two  natural 
phenomena  can  well  be.  It  ia  only  because  the  historical 
sequence  of  scientific  discoveries  has  associated  them  by  a 
number  of  intermediate  links,  that  they  are  classed  under  tho 
same  category.  What  is  called  voltaic  electricity  might 
equally,  perhaps  more  appropriately,  be  called  voltaic  chemis- 
try, I  mention  these  farts  to  show  that  the  distinction  in  the 
same  may  frequently  be  much  greater  than  the  distinction  of 
the  Bnbject  which  it  represents,  and  vice  vers&,  not  aa  at  &U 
otijecting  to  the  received  nomenclature  on  these  points ;  nor 
'  do  I  say  it  would  be  advisable  to  depart  from  it :  were  we  to 
do  so,  inevitable  confusion  would  result,  and  objections 
equally  forcible  might  be  foimd'  to  apply  to  oar  new  termi- 
Bokigy. 

Words,  when  established  to  a  certain  point,  become  a 
t  of  the  social  mind ;  its  powers  and  very  existence  de- 
pend upon  the  adoption  of  conventional  symbols ;  and  were 
raddenly  departed  from,  or  varied,  according  to  jndivi- 
tl  afiprehcnsions,  the  acquisition  and  transmission  of  kaowl- 
i  would  cease.  Undoubtedly,  neology  ia  more  permiasi- 
Q  physical  Kcience  than  in  any  other  branch  of  knowledge, 
»ase  it  is  more  progressive ;  new  facts  or  now  rola^ons 
~  Kquire  new  names,  but  even  here  it  should  be  used  with  great 
caatioQ. 

Si  forte  necesse  est 
Indiciis  monstrare  recontibus  abdita  reram, 
Fmgere  cinotntis  non  exaudita  Cethegia, 
Continget;  dftbitnrqua  iicentia,  aumpCa  pudenter. 

'Eren  should  the  mind  ever  be  led  to  dismiss  the  idea  of 
uions  forces,  and  regard  them  as  the  exertion  of  one  force, 


renlvY  ut^ni  deAmtdr  into  modoii ;  Blill  ire  eoold  nerw 

the  use  ctt  dsStraa  conTentiooal  lenna  finr  Uie  diflfovanfc 
!t»  of  aNnkn  of  tki»  cme  perrading  force. 
Sevieviac  the    series  of  relatioiis  between,  the  Tarione 
ioroes  viik-^  vie  hare  been  considering,  it  would  eppear  thai 
in  xxmaj  cims  vbere  oae  of  these  is  excited  or  eidsts,  all  the 
oiherf  aine  alio  art  in  action :  thns.  when  a  sabstanoe,  meh  aa 
Hi^h::;res  c«  anamonT.  is  electrified,  at  the  inntmnt  of  electri- 
MxioQ  ix  beieoiiKs  nu«s<f  tV  in  droctions  at  right  angles  to  the 
Hnes  o:  electric  force  :  at  the  same  time  it  beoomea  ^^eolad  to 
an  extent  creaaer  or  less  according  to  the  intensity  of  the 
ck«trio  forc«.     If  this  intensity  be  exalted  to  a  certain  point 
the  snlphnret  becomes  InmiiKNis.  or  light  is  prodnoed :  it  ex^ 
pandit  conseqnentl T  moti^m  is  prodnced ;  and  it  is  decomposed, 
therefore  •.v.^t-^i.-uJ  a^tio*^  is  produced.     If  we  take  another 
sabstance.  say  a  metal,  all  these  forces  except  the  last  are 
developed:    and  although  we  can  scarcely  apply  the  term 
mechanical  action  to  a  substance  hitherto  undccomposed,  and 
which,  under  the  circumstances  we  are  considering,  enters 
into  no  new  combination,  yet  it  imdergoes  that  species  of 
polarisation  which,  as  far  as  we  can  judge,  is  the  first  step 
towards  chemical  action,  and  which,  if  the  substance  were 
decomposable,  would  resolve  it  into  its  elements.     Perhi^i 
indeed,  some  hitherto  undiscovered  chemical  action  is  pro- 
duced in  substances  which  we  regard  as  tmdecomposable : 
there  are  experiments  to  show  that  metals  which  have  been 
electrised  are  permanently  changed  in  their  molecular  consti- 
tution.    Oxygen,  we  have  seen,  is  changed  by  the  electrio 
spark  into  ozone,  and  phosphorus  into  allotropic  phoephoros, 
both  which  changes  were  for  a  long  time  unknown  to  those 
familiar  with  electrical  science. 

Thus,  with  some  substances,  when  one  mode  of  force  is 
produced  aU  the  others  arc  simultaneously  developed.  With 
other  substances,  probably  with  all  matter,  some  of  the  other 
vorces  are  developed,  whenever  one  is  f^yntftdi  and  aU  maj  be 
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m  ver*  the  matter  in  a  suitable  TOadiiion  for  their  develops 
■eati  or  our  means  of  detecting  them  Bnfficient];  delicate. 
This  simull&neouB  production  of  several  diSerent  farces 
Beemfl  at  first  sight  to  be  irreconcileafale  with  their  mutual  and 
neceesary^  dependence,  and  it  certainly  presents  a  formidabla 
experimental  difficulty  in  the  way  of  establishing  their  eqtUT- 
alcDt  relations ;  but  when  exanuned  closely,  it  is  not  in  iact 
inconsistent  with  the  views  we  have  been  considering,  but  is 
indeed  a  strong  argtunent  in  favour  of  the  theory  which  re- 
gards theni  as  modes  of  motion.  « 

Let  ns  select  one  or  Iwo  coses  in  which  this  form  of  ob- 
jvclioQ  may  be  prominently  put  forward.  A  voltaic  battery 
decomposing  water  in  a  voltameter,  while  the  same  carrent 
IS  employed  at  the  same  time  to  make  an  electro-magnet, 
pwea  nevertheless  in  the  voltameter  an  equivalent  of  gae,  or 
decompoaee  an  equivalent  uf  an  electrolyte  for  each  eqaivu- 
Imt  of  chemical  decomposition  in  the  battery  cells,  and  wiU 
give  the  same  ratios  if  the  electro-magnet  be  removed.  Here, 
■1  first  si^t,  it  would  appear  that  the  magnetism  was  an  ex- 
tra force  produced,  and  that  thus  more  than  the  equivalent 
power  was  obtained  from  the  battery.  In  answer  to  this 
abjection  it  may  be  said,  that  in  the  circurostanees  onder 
irtiich  this  experiment  is  ordinarily  performed,  several  colls 
of  the  battery  are  used,  and  so  there  is  a  far  greater  amount 
of  force  generated  in  the  cells  than  is  indicated  by  the  effect 
in  the  voltameter.  If,  moreover,  the  magnet  be  not  int«r- 
poMd,  Mill  the  magnetic  force  is  equally  es-islent  throughotU 
the  whole  current ;  for  instance,  the  wires  joining  the  plates 
win  attract  iron  filings,  defiect  magnetic  needles,  &c.,  and 
produce  diamagnetie  effects  on  surrounding  matter.  By  the 
iron  core  a  small  portion  of  the  force  is,  indeed,  absorbed 
vinle  it  is  being  made  a  magnet,  but  this  ceases  to  be  ab- 
sorbed when  the  magnet  is  made  ;  this  has  been  proved  by 
tba  oboerration  of  Mr.  Latimer  Clarke,  who  has  found  that 
■long  the  wires  of  the  electric  telegraph  the  magnetic  needles 
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placed  at  different  Btations  remained  fixed  after  the  oonneetioa 
with  the  battery  was  made,  and  while  the  electric  curreui 
acted  by  induction  on  surronnding  condactmg  matter,  aeparft-. 
ted  from  the  wires  by  their  gutta  percha  coating,  so  that  a 
sort  of  Leyden  phial  was  formed ;  bat  as  soon  as  this  indue* 
tion  had  produced  its  effect  between  each  station,  or,  so  to 
speak,  the  phial  was  charged,  the  needles  saccessiyely  were 
deflected :  it  is  like  the  case  of  a  pnlley  and  weight,  which  lat- 
ter exhausts  force  while  it  is  being  raised ;  but  when  raised, 
the  for«i  is  free,  and  may  be  used  for  other  purposes. 

If  a  battery  of  one  cell,  just  capable  of  decomposing  water 
and  no  more,  be  employed,  this  will  cease  to  decompose  while 
making  a  magnet.  There  must,  in  every  case,  be  prepon- 
derating chemical  affinity  in  the  battery  cells,  either  by  the 
nature  of  its  elements  or  by  the  reduplication  of  series,  to 
effect  decomposition  in  the  voltameter ;  and  if  the  point  is 
just  reached  at  which  this  is  effected,  and  the  power  is  thisn 
reduced  by  any  resistance,  decomposition  ceases:  were  it 
otherwise,  were  the  decomposition  in  the  voltameter  the 
exponent  of  the  entire  force  of  the  generating  cells,  and  these 
could  independently  produce  magnetic  force,  this  latter 
force  would  be  got  &om  nothing,  and  perpetual  motion  be 
obtained. 

To  take  another  and  different  example :  A  piece  of  zmc 
dissolved  in  dilute  sulphuric  acid  gives  somewhat  less  heat  than 
when  the  zinc  has  a  wire  of  platinum  attached  to  it,  and  is 
dissolved  by  the  scume  quantity  of  acid.  The  argument  is 
deduced  that,  as  there  is  more  electricity  in  the  second  than 
in  the  first  case,  there  should  be  less  heat ;  but  as,  according 
to  our  received  theories,  the  heat  is  a  product  of  the  electric 
current,  and  in  consequence  of  the  impurity  of  zinc  electrid?* 
ty  is  generated  in  the  first  case  molecularly,  in  what  is  called 
local  action,  though  not  thrown  into  a  general  directioii, 
there  should  be  more  of  both  heat  and  electricity  in  the  8e<y 
ond  than  in  the  first  case,  as  the  heat  and  electrid^  doe  to 


I  roluio  combination  of  sine  and  plEtinum  are  added  to 
tt  excited  OD  the  surface  of  the  zinc^  and  the  sine  should  be, 
aa  in  fact  it  is,  more  rapidly  dissolved ;  so  that  the  extra  heat 
and  electricitj'  is  produced  by  extra  chemical  force.  Many 
additional  cases  of  a  eiroilar  description  m.ight  be  suggested. 
Bat  altbou^  it  is  difficult,  aod  perhaps  impossible,  to  restrict 
the  action  of  any  one  force  to  the  production  of  one  other 
loToe,  and  of  one  only — yet  if  the  whole  of  one  force,  say 
chemical  action,  be  supposed  to  be  employed  in  producing  ita 
foil  eqtuvalent  of  another  force,  say  heat,  then  as  this  heat  is 
capable  in  ila  torn  of  reproducing  chemical  action,  and  in  the 
limit,  a  quantity  equal  or  at  least  only  infinitely  abort  of  thv 
initial  force  :  if  this  could  at  the  same  time  produce  indepea< 
dantly  another  force,  say  magnetism,  we  cotdd,  by  adding 
the  magnelism  to  the  total  heat,  get  more  than  the  original 
^mical  action,  and  dius  create  force  or  obtain  perpetual 
modoD. 

The  term  Correlation,  which  I  selected  as  the  title  of  my 
LeMnres  in  1843,  strictly  inlerpreled,  means  a  necessary 
mntoal  or  reciprocal  dependence  of  two  ideas,  inseparable 
eren  in  mental  conception:  thus,  the  idea  of  height  caimot 
exist  without  involving  the  idea  of  its  correlate,  depth;  the 
idea  of  pareot  caimot  exist  without  inrolving  the  idea  of  off- 
spring. It  has  been  scarcely,  if  at  all,  used  by  writers  on 
pbysice,  but  there  are  a  Tost  rariety  of  physical  relations  to 
witichi  if  it  does  not  in  its  strictest  original  sense  apply, 
cannot  certainly  be  so  well  expressed  by  any  other  term. 
There  are,  for  example,  many  fads,  one  of  which  cannot  take 
place  without  involving  the  other ;  one  arm  of  a  lever  can- 
be  depressed  without  the  other  beiu<;  elevated — the  finger 
LOt  press  the  table  without  the  table  pressing  the  finger, 
body  cannot  be  heated  without  another  being  cooled,  or 
other  force  being  exhausled  in  an  equivalent  ratio  to 
the  production  of  heat;  a  body  cannot  be  positively  elec- 
trified without  some   other   body  being   negatively  electri< 
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The  probability  is,  that,  if  not  all,  the  greator  mmiber  of 
physical  phenomena  are  correlative,  and  that,  witfaonfc  a 
dnalitj  of  conception,  the  mind  cannot  form  an  idea  of  tfaem: 
thus  motion  cannot  be  perceired  or  probablj  imagined  intifc> 
out  parallax  or  relatiye  change  of  pontion.  The  worid  iraa 
believed  fixed,  nntal  by  comparison  with  the  cfflenrtal  bodieay 
it  was  found  to  change  its  place  with  regard  to  them :  had 
there  been  no  perceptible  matter  external  to  tibe  world,  wa 
should  never  have  discovered  its  motion.  In  sailing  along  a 
river,  the  stationary  vessels  and  objects  on  the  banks  seem 
to  move  past  the  observer :  if  at  last  he  arrives  at  the  eoQTio- 
tion  that  he  is  moving,  and  not  these  objects,  it  is  by  coneet- 
ing  his  senses  by  reflection  derived  from  a  more  extensive 
previous  use  of  them :  even  then  he  can  only  form  a  notion 
of  the  motion  of  the  vessel  he  is  in,  by  its  change  of  position 
with  regard  to  the  objects  it  passes— that  is,  provided  his 
body  partakes  of  the  motion  of  the  vessel,  which  it  only  does 
when  its  course  is  perfectly  smooth,  otherwise  the  relative 
change  of  position  of  the  different  parts  of  the  body  and  tha 
vessel  inform  him  of  its  alternating,  though  not  of  its  pro- 
gressive movement.  So  in  all  physical  phenomena,  the  e£fecta 
produced  by  motion  are  all  in  proportion  to  the  relative  mo- 
tion :  thus,  whether  the  rubber  of  an  electrical  machine  be 
stationary,  and  the  cylinder  mobile,  or  the  rubber mobite  and 
the  cylinder  stationary,  or  both  mobile  in  different  directions, 
or  in  the  same  direction  with  different  degrees  of  velocity, 
the  electrical  effects  are,  cceteris  paribus,  precisely  the 
provided  the  relative  motion  is  the  same,  and  so,  without 
ception,  of  all  other  phenomena.  The  question  of  whether 
there  can  be  absolute  motion,  or,  indeed,  any  abeohite  isolated 
force,  is  purely  the  metaphysical  question  of  idealism  or  real- 
ism— a  question  for  our  purpose  of  little  import ;  sufficient 
for  the  purely  physical  inquirer,  the  maxim '  de  non  nyparmUi* 
Inu  et  non  exitterUibtu  eadem  est  ratio  J 

The  sense  I  have  attached  to  the  word  conrelatioii,  in 
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tmOing  of  physical  pbenomeDa,  will,  I  tliink,  be  evident  from 
t^  previous  parts  of  tlua  essay,  lo  be  tliat  of  a  necessary 
reciprocal  production :  in  other  words,  that  any  force  capable 
of  producing  another  may,  in  ita  turn,  be  produced  by  it — 
Bay,  more,  can  be  itself  resisted  by  tlie  force  it  produces,  in 
a  to  the  energy  of  such  production,  as  action  is  ever 
mpanied  and  resisted  by  reaction  :  thus,  the  action  of  an 
CKmagnetic  machine  ia  reacted  upon  by  the  magneto 
idty  developed  by  its  action. 
L  To  many,  however,  of  the  cases  we  have  been  consider- 
,  the  term  correlation  may  be  applied  iu  a  more  strict 
tt  with  its  original  sense ;  thus,  with  regard  to  the 
KB  of  electricity  and  magnetism  in  a  dynamic  state,  we 
i  electrise  a  substance  without  magnetising  it — we  cau- 
t  magnetise  it  without  electrising  it : — each  molecule,  the 
instant  it  is  affected  by  one  of  these  forces,  is  affected  by  the 
other  ;  but,  ia  transverse  directions,  tho  forces  are  insepara- 
ble and  mutually  depcudenl--correlative,  but  not  identical 

Tlie  evolution  of  one  force  or  mode  of  force  into  another 
has  indnccd  many  to  regard  all  the  different  natural  agencies 
as  reducible  lo  unity,  and  as  resulting  from  one  force  which 
is  the  elBcient  cause  of  all  the  others  :  thus,  one  author  writes 
to  prove  that  electricity  is  llic  cause  of  every  change  in 
soaUer :  another,  that  chemical  action  is  the  cause  of  evory- 
g ;  another,  that  heat  is  the  universal  cause,  and  so  on. 
B  I  have  stated  it,  the  true  expression  of  the  iact  is,  thut 
I  mode  of  force  is  capable  of  producing  the  others,  and 
It  none  of  them  can  be  produced  but  by  some  other  as  an 
ior  force,  then  any  view  which  regards  either  of  them  as 
:  effioienl  cause  of  all  the  rest,  is  erroneous ; 
k  view  has,  1  believe,  arisen  from  a  confusion  between  tho 
r  generalised  meaning  of  the  term  cause,  and  its 
r  special  sense ;  the  word  itself  being  indiscrimi- 
lely  need  iu  both  these  senses. 
L  Another  coutiisiou  of  terms  has  arisen,  and  has,  indeed. 


186  COREELATIOH    OF   PHTSIOAL  FOHCZ8. 

much  eabarraased  me  in  eBimcmting:  the  propositioiu  put* 
forth  la  these  pages,  on  account  of  ihe  imperfection  of  Bcien- 
tific  language  ;  an  imperfection  in  great  measure  tmsToidabie,  '■ 
it  ie  true,  but  not  the  less  embarrassing.  Thus,  the  words ' 
light,  heat,  electf-icity,  and  magnetism,  are  consianily  used  ia' 
two  senses — viz.  that  of  the  force  producing,  or  tie  subject-^ 
iye  idea  of  force  or  power,  and  of  the  effect  produced,  or  the-' 
objective  phenomenou.  The  word  motion,  indeed,  is  otiXj< 
applied  to  the  effect,  and  not  to  the  force,  and  the  term  chent-' 
icol  afiinity  is  generally  applied  to  the  force,  and  not  to  the ' 
effect ;  but  the  other  four  terms  arc,  for  want  of  a  distinct 
terminology,  applied  indiscriminately  to  both. 

I  may  have  occasionally  used  the  same  word  at  one  thss' 
in  a  subjective,  at  another  in  an  objective  sense ;  i 
say  is,  that  this  cannot  be  avoided  \nthout  a  neology,  which  ' 
I  havQ  not  the  presumption  to  introduce,  or  the  authority  to' 
enforce.  Again,  the  use  of  the  term  forces  in  the  pin 
might  be  objected  to  by  those  who  do  not  attach  to  the  teim^ 
fon!e  tho  notion  of  a  specific  agency,  but  of  one  univenal ' 
power  associated  with  matter,  of  which  its  yarious  phei 
ena  are  but  diversely  modified  effects. 

Whether  tho  imponderable  agents,  viewed  as  force,  and- 
not  as  matter,  ought  to  be  regarded  as  distinct  forces  or  a 
distinct  modes  of  force,  is  probably  not  very  material,  for,  b 
for  as  I  am  aware,  tho  same  result  would  follow  cither  vieur 
I  have  therefore  used  lite  tcirns  indiscriminately,  as  eitlMrl 
happened  to  be  the  more  expressive  for  the  occasion.  •! 

Throughout  this  essay  I  have  placed  motion  in  i, 
category  as  the  other  affections  of  matter.     The  conrse  o^ 
reasoning  adopted  in  it,  however,  appears  to  me  to  lead  ti 
^^  itably  to  the  conclusion  that  these  affections  of  maltor  arm* 

^M  themselves  modes  of  motion  ;  that,  as  in  tho  case  of  fHctioDf^ 

^K  the  gross  or  palpable  motion,  which  ia  arrested  by  the  ( 

^B         tact  of  another  body,  ia  subdivided  into  molecular  motioiu  o 
^M        vibrations,  which  vibrations  are  heat  or  electricity,  aa  tin 

k •  ■ 
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UM  ni«7  be  ;  go  tiie  otlier  affections  are  only  matter  moved 
or  moleouJarly  agiiated  in  certain  definile  directions.  We 
have  already  coneidered  the  hypothesis  that  the  passage  of 
dectricity  and  magnetism  causes  vibrations  in  an  ether  pei> 
miMtiDg  Ihe  bodies  through  which  the  cmrent  is  transmitted, 
or  tike  application  of  the  same  ethereal  hypothesis  to  these 
unponde rabies  which  bad  previously  been  applied  to  light; 
many,  in  speaking  of  some  of  (he  effects,  admit  that  electri- 
dty  and  magnetism  cause  or  produce  by  their  passage  vibra- 
tiuus  io  the  particles  of  matter,  but  regard  the  vibrationa 
produced  as  an  ot'casioaal,  though  not  always  a  necessary, 
effect  of  (he  passage  of  electricity,  or  of  the  increment  or 
docremeat  of  magnetism.  The  view  which  I  have  taken  is, 
tlutt  BDch  vibratioQS,  molecular  polarisations,  or  motions  of 
MSte  eon  from  particle  to  particle,  arc  tbemsclvos  electricity 
or  magnetism ;  or,  to  express  it  In  the  converse,  that  dynamic 
electricity  and  magnetism  arc  themselves  motion,  and  th^t 
pensanent  magnetism,  and  Franklinic  electricity,  are  statjo 
oonditioiLs  of  force  bearing  a  similar  relation  to  motion  which 
l«n>ioa  or  gravitation  do. 

This  theory  might  well  be  discussed  in  greater  detail 
tbui  bas  bees  used  in  this  work ;  but  to  do  this  and  to  anti- 
C^Mle  objections  would  lead  into  specialities  foreign  to  my 
pr«aeiit  object,  in  the  course  of  this  essay  my  principal  aim 
bftviag  been  rather  to  show  the  relation  of  forces  as  evinced 
^ty  odcnowledged  facta,  than  to  enter  upon  any  detailed  ex* 
pUnadon  of  their  specific  modes  of  action. 

Flobably  man  wiU  never  know  the  ultimate  structure  of 
matter  or  the  minutiai  of  molecular  actions ;  indeed  it  is 
Ksroely  conceivable  that  the  mind  can  ever  attain  to  this 
knowledge ;  the  monad  irresolvable  by  a  given  microscopi] 
m&j  be  resolved  by  an  increase  in  power.  Much  harm  has 
already  been  done  by  attempting  hypothetically  to  dissect 
matter-  and  to  discuss  the  shapes,  sizes,  and  nnmbera  of  at- 
oms,  and  iheir  atmospheres  of  heat,  ether,  or  electricity. 
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Wliether  the  regarding  electiicily,  lig^t,  mAgaetism,  ^be^ 
as  simplj  motions  of  ordinary  matter,  be  or  be  not  adnussi* 
blc,  certain  it  is,  that  all  past  theories  have  resolved,  and  aU 
existing  theories  do  resolve,  the  actions  of  these  fbroea  into 
motion.  Whether  it  be  that,  on  account  of  our  familiarifef 
with  motion,  we  refer  other  affections  to  it,  as  to  a  language 
which  is  most  easily  construed  and  most  capable  of  explain- 
ing them ;  whether  it  be  that  it  is  in  reality  the  only  mode  in 
which  our  minds,  as  contradistinguished  firom  our  senses,  an 
able  to  conceive  material  agencies ;  certain  it  is,  that  sinee 
the  period  at  which  the  mystic  notions  of  spiritual  or  pretei^ 
natural  powers  were  applied  to  account  for  physical  phenOTi- 
ena,  all  hypotheses  framed  to  explain  them  have  fesdvecl 
them  into  motion.  Take,  for  example,  the  theories  of  li^ 
to  which  I  have  before  alluded :  one  of  these  supposes  light 
to  be  a  highly  rare  matter,  emitted  from — i.  e.  put  in  moiion 
by — ^luminous  bodies ;  a  second  supposes  that  the  matter  is 
not  emitted  from  luminous  bodies,  but  that  it  is  put  into  a 
state  of  vibration  or  undulation,  i.  e.  motion j  by  them ;  and 
thirdly,  light  may  be  regarded  as  an  undulation  or  fruUian  of 
ordinary  matter,  and  propagated  by  undulation  of  air,  ^ass, 
&c.,  as  I  have  before  stated.  In  all  these  hypotheses,  matter 
and  motion  are  the  only  conceptions.  Nor,  if  we  accept 
terms  derived  fix)m  our  own  sensations,  the  which  sensatioDS 
themselves  may  be  but  modes  of  motion  in  the  nervous  fila- 
ments, can  wo  find  words  to  describe  phenomena  other  than 
those  expressive  of  matter  and  motion.  We  in  vain  struggle 
to  escape  from  these  ideas ;  if  we  ever  do  so,  our  mental 
powers  must  undergo  a  change  of  which  at  present  we  see 
no  prospect. 

I£  we  apply  to  any  other  force  the  mode  of  reasoning 
which  we  have  applied  to  heat,  we  shall  arrive  at  the  same 
conclusion,  and  see  that  a  given  source  of  power  can,  sajH 
posing  it  to  be  fully  utilised  in  each  case,  yield  no  mdre  by 
employing  it  as  an  exciter  of  one  force  than  of  another.    Let 


aoscLUDTsa 

IS  take  electricity  as  an  example.  Sappose  a  poDnd  of  mer> 
mryat  400"  be  employed  to  prodnce  a  thermo-elertric  cur- 
rent, ind  tlie  latter  be  in  ila  turn  employed  to  produce  me- 
eh«ucn]  force  ;  if  thja  lalter  force  bo  greater  than  that  which 
(he  direct  effect  of  heat  would  produce,  then  it  could  by  com- 
presrion  raise  the  temperature  of  the  mercury  itself,  or  of  a 
nmOAr  quautity  equally  heated,  to  a  higher  poitit  than  its 
original  temperatiire,  the  400''  to  401°,  for  example,  which 
11  obvionBly  impossible ;  nor,  if  we  admit  force  to  be  inde- 
Rroctible,  can  it  produce  less  than  400°,  or  cool  the  second 
body  except  by  some  portion  of  it  being  converted  into 
another  form  or  mode  of  force. 

But  as  the  mechanical  eflect  here  is  produced  tbrottgh  the 
medium  of  electricity,  and  the  mechanical  clfect  is  definite, 
so  iLe  quantity  of  electricity  producing  it  must  be  definite 
bIbo,  for  unequal  quantities  of  electricity  could  only  produce 
an  eqoal  mecbaQiL'al  eSect  by  a  logs  or  gain  of  their  own 
force  into  or  out  of  nothing.  The  same  reasoning  will  apply 
lo  the  other  forces,  and  will  lead,  it  appears  to  me.  necessa- 
rily and  inevitably  to  the  conclusion,  that  each  force  is  defi- 
nitely and  euuivalently  convertible  into  any  other,  and  that 
where  experiment  does  not  give  the  Aill  equivalent,  it  ia  be- 
cause the  initial  force*  has  been  dissipated,  not  lost,  by  con- 
rersion  into  other  unrecognised  forces.  The  equivalent  is  the 
limit  never  practically  reached. 

The  gi*at  problem  which  remains  to  be  solved,  in  regard 
lo  tha  correlation  of  physical  forces,  is  this  estftbUabment  of 
tbeir  equivalents  of  power,  or  their  measurable  relation  to  a 
given  standard.  The  progress  made  in  some  of  the  branches 
of  tiia  inquiry  boa  been  already  noticed.  Viewed  in  their 
■tatic  relations,  or  in  the  conditions  requisite  for  producing 
equilibrium  or  qnantitative  equality  of  force,  s  remarkable 
relation  between  cliemieal  affioily  and  heat  is  that  discovered 
in  many  aimple  bodies  by  Dnloog  and  Petil,  and  extended  to 
)  by  Neumann  and  Avogadro.    Their  researches 
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luMTB  dnffn  ihftl  hdb  hwwIbo  iiBili  qk  fitttnK  inHHiHp^ 
ivii0ii  miilliplied  hy  llioir  chfimicil  6(|iiIvsUttlSy  pM  &  ^'^'1^ 
■teDl  qoantily  M  jnodndr— or,  in  otlwrifot6s,tt«fctt0 '=iilb» 
Uniiig  weig^of  sudi  sabstaiieai  sre  thon  w^j^Mi  MWk 
TwpSac^  equal  aooeflsioiifl  or  abstrmetiaiis  ci  hotA^  tttfiit^nb  1 
nige  or  lower  Uieir  ten^Mmtaie.  T6  put  tibe  pt^ittlfllL  ! 
more  in  accordance  with  the  yiew  we  have  taken  of  iShs'^i^  1 
tore  of  heat:  eadi  bo^  has  a  power  of  comnnmiQadtag  or 
receiving  molecolar  repnkiTe  power,  esmtOy  equal,  wti^ 
toft  weif^  to  its  chemical  or  comMning  power.  Vdr'lk* 
stance,  the  eqoi?alent  of  lead  is  104,  of  sine  88,  or,  in  xMUL 
numbers,  as  8  to  1 :  these  nmnbers  axe  therefbrs  hit^tsM^y 
tiie  exponents  of  their  chemical  power,  three  timaa  aa  iuifik 
lead  as  zinc  being  reqoired  to  satorata  &e  sione*  qdn- 
titj  of  an  acid  or  substance  combining  with  it ;  but  Atlfar 
power  of  communicating  or  abstracting  heat  or  r^mtlMe 
power  is  predselj  the  same,  for  three  times  as  nmdi  lead  la 
sine  is  required  to  produce  the  same  amount  of  ezpaadoai  it 
contraction  in  a  given  quantity  of  a  third  substance,  sndf  is 
water. 

Again,  a  great  number  of  bodies  diemicaUy  combine  la 
equal  Tolumes,  i.  e.  in  the  ratios  of  their  spedflc  gravltM; 
but  the  specific  gravities  represent  the  attractive  powers  of 
the  substance,  or  are  the  numerical  exponents  of  the  ftrais 
tending  to  produce  motion  in  masses  of  matter  towards 'liA 
other ;  while  the  chemical  equivalents  axe  the  exponsnils  ef 
the  affinities  or  tendencies  of  the  molecules  of  ^iBwrnlifty  gob* 
stances  to  combine,  and  saturate  each  other ;  conseqoeiMlfi 
here  we  have  to  some  extent  an  equivalent  relalion  betweiia 
these  two  modes  of  force— gravitation  and  chemical  affri^ 
tion. 

Were  the  above  relations  extended  into  an  universal  lal#, 
we  should  have  the  same  numerical  expression  for  the  thrbe 
forces  of  heat,  gravity,  and  affinity ;  and  as  ekctxkl^'al^ 
magnetism  are  quantitatively  rdated  to  them,  w^AodbllkSE^ 
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t  e^tresaion  for  these  forces :  but  at  preseiit  the  bod- 
B  in  Trhicli  this  parity  of  force  has  been  discovered,  thoa^ 
in  ihemsclvea  aumerous,  are  eomll  compared  with  ibc  excop- 
tionB,  and,  therefore,  thia  point  cnn  only  be  indicated  na  prom- 
iaing  a  generalisation,  should  subsequciit  researches  alter  our 
knowledge  as  to  the  elements  and  combioitig  equivalents  of 

With  regard  to  what  may  be  called  dynamic  equivalents, 
i.  e.  the  definite  relation  to  time  of  the  action  of  these  varied 
forces  apan  equivalents  of  matter,  the  difficulty  of  establish- 
ing  them  is  still  greater.  If  the  proposition  which  I  stated 
al  the  commencement  of  this  paper  be  correct,  that  motion 
may  be  subdivided  or  changed  iu  character,  so  ns  to  become 
heat,  electricity,  &c.,  it  ought  to  follow  that  when  wo  coLsct 
the  dissipated  and  changed  forces,  and  reconvert  them,  the 
initial  motion,  minus  an  infinitesimul  quantity  affecting  the 
same  amount  of  matter  with  the  same  velocity,  should  be  re- 
produced, and  ao  of  the  changes  in  matter  produced  by  the 
Other  forces  ;  but  the  difficulties  of  proving  the  truth  of  thia 
by  experiment  will,'  in  many  cases,  be  all  but  insujierable  ; 
we  cannot  imprison  motion  as  we  can  mutter,  though  we  may 
to  some  extent  reatrab  its  direction. 

The  term  perpetual  motion,  which  I  have  not  unfrequent- 
ly  employed  in  these  pages,  is  itaelf  equivocal.  If  the  doc- 
trines here  advanced  be  foimded,  all  motion  is,  in  one  sense, 
perpetual.  In  masses  whose  motion  is  stopped  by  mutual 
concussion,  heat  or  motion  of  the  particles  is  generated ;  and 
thus  the  motion  continues,  so  that  if  we  could  venture  to  extend 
snch  thoughts  (o  the  universe,  we  should  assume  thq  same 
amoODtof  motion  affecting  the  same  amount  of  matter  for  ever. 
Wliere  force  opposes  force,  as  ii^  cosea  of  static  equilibrium, 
the  balance  of  pre-existing  equilibrium  is  affected,  and  fresh 
motion  is  started  equivalent  to  that  which  is  withdrawn  into 
k  stale  of  abeyance. 

But  the  term  perpetual  motion  is  applied,  in  ordinary  par- 
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lanoe  (and  in  snch  senBe  I  have  used  it),  to  a  peipetnal 
rent  motion,  e.g.  a  weight  which  hy  its  fall  would  torn  Ik 
wheel,  which  wheel  wonld,  in  its  torn,  raise  the  initial  wiaig^ 
and  so  on  forever,  or  nntil  the  material  of  which  the  wfc^^«*f 
is  made  he  worn  ont.  It  is  strange  that  to  common  appfi^ 
hension  the  impossibilitj  of  this  is  not  self-evident :  if  the  b^ 
itial  weight  is  to  be  raised  by  the  force  it  has  itself  generated, 
it  must  necessarily  generate  a  force  greater  than  that  of  its 
own  weight  or  centripetal  attraction ;  in  other  words,  iinmit 
be  capable  of  raising  a  weight  heavier  than  itself:  so  that, 
setting  aside  the  resistance  of  fidction,  &c.,  a  weight,  to  pn^ 
duce  perpetual  recurrent  motion,  must  be  heavier  than  aa 
equal  weight  of  matter,  in  short,  heavier  than  itselfl 

Suppose  two  equal  weights  at  each  end  of  an  equi-armed 
lever,  there  is  no  motion ;  cut  off  a  fraction  of  one  of  then, 
and  it  rises  while  the  other  falls.  How,  now,  is  the  lesser 
weight  to  bring  back  the  greater  without  any  eztraneoos  a|^ 
plication  of  force  ?  If ,  as  is  obvious,  it  cannot  do  so  in  Hdb 
simple  form  of  experiment,  it  is  d  fortiori  more  impossiMe  if 
machinery  be  added,  for  increased  resistances  have  then  to 
be  overcome.  Can  we  again  mend  this  by  employing  any 
other  force?  Suppose  we  employ  electricity,  tha  initisl 
weight  in  descending  turns  a  cylinder  against  a  cushion,  and 
so  generates  electricity ;  to  make  this  force  recurrent,  the 
electricity  so  generated  must,  in  its  turn,  raise  the  initial 
weight,  or  one  heavier  than  it,  i.  e.  the  initial  weigpht  mosl, 
through  the  medium  of  electricity,  raise  a  weight  heavier  than 
itself.  The  same  problem,  applied  to  any  other  fbroes,  wifl 
involve  the  same  absurdity :  and  yet  simple  as  the  matter 
seems,  the  world  is  hardly  yet  disabused  of  an  idea  little  re* 
moved  from  superstition. 

But  the  importance  of  the  deductions  to  be  derived  from 
the  negation  of  perpetual  motion  seems  scarcely  to  have  i 
pressed  philosophers,  and  we  only  find  here  and  there  i 
tered  hint  of  the  consequences  necessarily  resnhing  from  that 
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«4ii^  to  the  thJnkiDg  mind  is  a  conviction.  Some  of  these 
I  have  Tentnred  to  put  forward  in  the  present  essay,  but 
maoT  remain,  and  -mil  crowd  upon  the  mind  of  those  who 
porsue  the  subject.  Does  not,  for  instance,  the  impossihility 
of  perpetual  motion,  when  thought  out,  involve  the  demon- 
ftradon  of  the  impossihiUtj',  to  which  I  have  previously  allud* 
ed,  of  any  crent  identically  recurring? 

The  pendulum  in  vacuo,  at  each  beat  leaves  a  portion  of 
the  force  which  started  it  in  the  form  of  heat  at  its  point  of 
snapenaion ;  this  force,  though  ever  existent,  can  never  be  re- 
stored in  its  integrity  to  the  ball  of  (he  pendulum,  for  in  the 
process  of  restoration  it  must  affect  other  matter,  and  alter 
the  condition  of  the  universe.  To  restore  the  initial  force  toila 
integrity,  everything  as  it  eiiafed  at  the  moment  of  the  first 
beat  of  the  pendulum  must  be  restored  in  its  integrity :  bat 
how  can  this  be — for  while  the  force  was  escaping  from  the 
pendnlnm  by  radiating  heat  from  the  point  of  suspension, 
soiTounding  matter  has  not  stood  stiU ;  the  very  attraction 
which  caused  the  beat  of  the  pendulum  has  changed  in  degree, 
for  the  pendulum  is  nearer  to  or  further  from  the  sun,  or 
from  Bome  planet  or  Used  star. 

It  might  be  an  interesting  and  not  profilless  speculation 
to  follow  out  these  and  other  consequences  ;  it  would,  I  be- 
lieve, lead  us  to  the  conviction  that  the  universe  is  ever 
dunging,  and  that  notwithstanding  secular  recurrences  which 
would  prim&  facie  seem  to  replace  matter  in  its  original  posi- 
tion, nothing  in  feet  ever  returns  or  can  return  to  a  state  of 
existence  identical  with  a  previous  state.  But  the  field  is  too 
illimitable  for  me  to  venture  further. 

The  inevitable  dissipation  or  throwing  off  a  portion  of 
the  initial  force  presenla  a  great  experimjental  difficulty  in  the 
way  of  establishing  the  equivalents  of  the  various  natural 
fi>rcea.  In  the  sleam-engine,  for  instance,  the  heat  of  the 
e  not  only  expands  the  water  and  thereby  produces  the 
D  of  the  piston,  but  it  also  expands  the  iron  of  the  boil- 
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pended  in  expanding  this  inm  to  a  Toiy  SDiall  oiteBt  it  iqpd 
to  that  which  expands  the  yaponr  tOAToylai^estaait  ti|p 
expansion  of  the  iron  is  d^Mbley  in  its  torn,  of  pcodoinqg  a 
great  mechanical  force,  which  is  praeticalfy  lost*  CoaU  A 
the  force  be  applied  to  the  vapoor,  an  enonnona  adiBtiaa  .fjt 
power  would  he  gained  for  the  same  ffipenditnre :  and.  psi^ 
haps  even  with  our  present  means  more  mig^  bo  done  in 
utilising  the  expansion  of  the  iron* 

■Another  great  difflcolty  in  "rr^^mniottM^Uj  Mi^M^M^^Aig  a^ 
dynamic  eqniyalents  of  different  forces  arises  from  the  effails 
of  disruption,  or  the  oyerooming  an  existing  fixroe.  Xln^ 
when  a  part  of  the  initial  force  enqftloyed  is  engaged  in  thrill- 
ing or  tearing  asunder  matter  previonslj  held  togaHiar  lij 
cohesive  attraction,  or  in  overooming  gravitation  or  iporlim 
the  same  amount  of  heat  or  electricity  would  not  be  ernbed 
as  if  such  obstacle  were  non-existent,  and  the  initial  fim 
were  wholly  employed  in  producing,  not  in  opposing.  .Thaip 
is  a  difficulty  apparently  extreme  in  devising  experimeiilB 
in  which  some  portion  of  the  force  is  not  so  employed. 

The  initial  force,  however,  that  has  be^n  employed  fiv  sniiii 
disruption  is  not  lost,  as  at  the  moment  of  disn^tion  the 
bodies  producing  it  fly  off,  and  carry  with  them  their  faros. 
Thus,  let  two  weights  be  attached  to  a  cord  placed  across  a 
bar ;  when  their  force  is  sufficient  to  break  the  cord  or  the 
bar,  the  weights  fall  down  and  strike  the  earth,  w>aKt^  Jt 
vibrate,  and  so  conveying  away  or  continuing  the  faree  ex- 
pressed by  the  cohesion  of  the  bar  or  cord.  If,  instead  of 
breaking  a  cord,  the  wei^ts  be  employed  to  bend  a  bar,  their 
gravitating  force,  instead  of  making  the  earth  vibrate,  pircH 
duces  heat  in  the  bar,  and  so  with  whatever  other  farce  be 
employed  to  produce  effects  of  disruption,  torsion,  dbe.,  so 
that,  though  difficult  in  practice,  the  numerical  probkm  of 
the  equivalent  of  the  force  is  not  theoretically  irresolvaUo* 

The  voltaic  battery  affords  us  the  best  means  of  asofwtaiop 
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l^die  ilyn&niie  Hpuraknta  of  difierant  TorceB,  and  it  is  probable 

It  b}'  its  aid  the  best  theoretlcai  and  practical  resolls  will  be 
ultimate  I;'  attoified. 

Id  investigating  Ibe  relatioa  of  the  different  forces.  I  have 
in  tnm  taken  each  one  as  the  initial  force  or  startiog-poiDt, 
and  endeavoured  to  aiiow  how-  the  force  thus  arbitrarily  se- 
lected conld  mediately  or  immediately  produce  and  be  merged 
into  tbe  otbers :  but  it  will  be  obvious  to  those  who  have  at- 
tentively considered  the  subject,  and  brought  their  minds  into 
a  general  accordance  with  the  views  I  have  submitted  to  them, 
that  no  force  can,  strictly  speaking,  be  initial,  as  there  must 
be  Bome  anterior  force  which  produced  it :  we  cannot  (treate 
force  or  motion  any  more  than  we  can  creat*  matter. 

Thus,  to  take  an  example  previously  noticed,  and  recede 
backwards ;  the  spark  of  light  is  produced  by  electricity, 
electricity  by  motion,  and  motion  is  produced  by  something 
ebe,  say  a  atcam-eogine — that  is,  by  heat.  This  heat  is  pro- 
duced by  chemical  affinity,  i.e.  the  affinity  of  the  carbon  of 
the  coal  for  the  oxygeo  of  the  air :  this  carbon  and  this  oxy- 
gen have  been  previously  elimioated  by  actions  difficult  to 
trace,  but  of  the  pre-eiistence  of  which  we  cannot  doubt, 
and  in  wliich  actions  we  should  find  the  conjoint  and  al- 
ternating effects  of  heat,  light,  chemical  affinity,  &c.  Thus, 
tracing  any  force  backwards  to  its  antecedents,  we  ore  merged 
ia  an  infinity  of  changing  forms  of  force  ;  at  some  point  we 
lose  it,  not  because  it  has  been  in  fact  created  at  any  definite 
point,  but  because  it  resolves  itself  into  so  many  contributing 
forces,  that  the  evidence  of  it  is  lost  to  our  senses  or  powers 
of  detection ;  just  as  in  following  it  forward  into  the  efTect  it 
produces,  it  becomes,  as  I  have  before  stated,  so  subdivided 
and  dissipated  as  to  be  equally  lost  to  our  means  of  detection. 

Can  we,  indeed,  surest  a  proposition,  definitely  conceiv- 
able by  the  mind,  of  force  without  antecedent  force?  I  can- 
not, wilhotit  calling  for  the  interposition  of  created  power, 
any  more  than  I  can  conceive  tlie  sudden  appearance  of  a 
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mM  Ok  Tniftftr  ooiiib  ftoni  nowimroi  snl  ^?W!I!hI  nraiii  otifli* 
ing.  The  impoenbiliftf  ,  Immanlj'  apeakiiig,  of  ontting  'nk 
■imihilathig  matter,  has  long  been  admitted,  tftpogh^  parffc^|^ 
its  distinct  leoeption  in  philosoiihy  may  be  set  down  to  Ae 
overthrow  of  the  doctrine  of  Phlogiston,  and  the  relbnnation 
of  rhemistfy  at  the  time  of  Lavoisier.  The  reasons  for  tiii 
admissimiof  a  similar  doctrine  as  toforoei4[^eartbbeeqoall|f 
strong,  mth  r^ard  to  matter,  there  are  manjr  eases  m 
which  we  never  practicalty'  prove  its  cessation  of  ftm^^^^n^^ 
yet  we  do  not  the  kss  believe  in  it :  who,  for  instance,  esi 
trace,  so  as  to  re-weigh,  the  particles  of  iron  worn  off 
the  tire  of  a  carriage  wheel?  who  can  re-combine  the  pazfr 
des  of  wax  dissipated  and  chemicallj  dianged  in  the  burning 
of  a  candle?  By  placing  matter  nndergoing  phyaiesl  or 
chemical  changes  nnder  special  limiting  drcnmstanoes,  we 
may,  indeed,  acqaire  evidence  of  its  continued  Aarrfftfm^ 
weight  for  weight — and  so  we  may  in  some  instances  of  fotesi 
as  in  definite  electrolysis :  indeed  the  evidence  we  acquire  of  the 
continned  existence  of  matter  is  by  the  continued  exertion  of 
the  force  it  exercises,  as,  when  we  weigh  it,  oar  evidence  is 
the  force  of  attraction ;  so,  again,  onr  evidence  of  force  ii 
the  matter  it  acts  upon.  Thus,  matter  and  force  are  oorre- 
lat^,  in  the  strictest  sense  of  the  word ;  the  conception  of 
the  existence  of  the  one  involves  the  conception  of  ^e  exis- 
tence oT  the  other :  the  quantity  of  matter  again,  and  the  de- 
gree of  force,  involve  conceptions  of  space  and  time.  But 
to  follow  out  these  abstract  relations  would  lead  me  too  for 
into  the  alluring  paths  of  metaphysical  speculation. 

That  the  theoretical  portions  of  this  essay  are  open  tool^ 
jection  I  am  fully  conscious.  I  cannot,  however,  but  think 
that  the  fair  way  to  test  a  theory  is  to  compare  it  with  other 
theories,  and  to  see  whether  upon  the  whole  the  balance  of 
probabilily  is  in  its  favour.  Were  a  theory  open  to  no  de- 
jection it  would  cease  to  be  a  theory,  and  beccme  a  law; 
and  were  we  not  to  theorise,  or  to  take  generalised  vlewi  of 
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pheaomeoa  until  those  generalizations  were  sure  and 
unobjectionable — in  other  words,  were  laws — science  would 
be  lost  in  a  complex  mass  of  unconnected  observations, 
which  would  probably  never  disentangle  themselves.  Excess 
on  either  aide  is  to  be  avoided  ;  although  we  ma;^  ofUn  eir  on 
the  side  of  hosly  generalisation,  we  may  equally  err  on  the 
nde  of  mere  elaborate  collection  of  observations,  which, 
though  sometimes  leading  to  a  valuable  result,  yet,  when  cu- 
nmlated  without  a.  connecting  link,  frequently  occasioD  a  cost- 
ly wast*  of  time,  and  leave  the  subject  to  which  they  refer  in 
greater  obscurii J  than  that  iu  which  it  was  involved  at  their 
comme  ncemeu  I  ■ 

Collections  of  facts  differ  iu  importance,  as  do  theories : 
the  former,  in  many  instances,  derive  their  value  from  their 
capability  of  generalisation ;  while,  conversely,  theories  are 
valuable  as  methods  of  co-ordinating  given  series  of  focta, 
and  more  valuable  in  proportion  as  they  require  fewer  excep- 
tions and  fewer  postulates.  Facts  may  sometimes  bo  as 
wcH  explained  by  one  view  aa  by  another,  but  without  a 
theory  they  are  unintelligible  and  incommunicable.  Let  us 
use  our  utmost  efibrt  to  communicate  a  fact  without  using  the 
language  of  theory,  and  we  fail ;  theory  is  involved  iu  all 
our  expressions  ;  the  knowledge  of  bygone  times  is  imported 
into  succeeding  times  by  terms  involving  theoretic  conceptiAiB, 
As  the  knowledge  of  any  particular  science  developes  itself, 
our  views  of  it  become  more  simple  ;  hypotheses,  or  the  in- 
troduction of  supposititious  views,  are  more  and  more  dia- 
pensed  with ;  words  become  applicable  more  directly  to  the 
phenomena,  and,  losing  the  hypothetic  meaning  which  they 
necessarily  possessed  at  their  reception,  acquire  a  secondary 
sense,  which  brings  more  immediately  to  our  minds  the  facts 
of  which  they  are  indices.  The  ecaSblding  has  served  its 
purpose.  The  hypothesis  fades  away,  and  a  theory,  or  gen- 
Hnlised  view  of  phenomena,  more  independent  of  supposition, 
^Kt  still  fall  of  gaps  and  difficulties,  takes  its  place.     This  in 
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,A.TnMil>eicknceec«tiniift  to  progroBS,  either  giv^ 
it-^jnrc*i  sisiTue  sz>d  wider  genendiBatioiifOrbeoonieSybythe  re- 
n:  SrtkTSaons,  eagebKshed  as  a  law.  Even  in  this  mora 
isapE.  vord^  imparting  theory  mnst  be  nsedy  but 
hTT  aow  intelligible  and  connected,  though  ezpress- 
K.  1 7  T^knAL  7.-rm5  of  speech. 

Z:  -Uii&k  or  naame  is  to  theorise  ;  and  difficult  it  is  not 
1/  }«  if^L  riL  >j  the  ccGtmnities  of  natural  phenomena  to  the- 
.Tv^  ▼iki!^  A^c^-v  forced  and  nnintelligible  to  those  who 
ittv^f  iir-':  Torsxi^i  ihe  same  path  of  thonght :  which,  more- 
.-^nir  if  &Zj.'"v*e£  4C  rai^  an  midne  influence,  seduce  us  from 
aifc:  rTT-i  vijri  i*  ibe  soie  object  of  our  pursuit. 

VufT?  7r  rrav  ihe  fine — vheiv  to  say  thus  far  we  maj 
^u  &!•£  SK'  i«j<:ber.  in  asj  panicolar  class  of  analogies  or  re- 
ifcz^rc*  ▼ijri  N an:?>f  pi\?sents  <o  u« :  how  far  to  follow  the 
TT'.'vr'vsss:*  f  rDkiic^ons  of  thought,  and  where  to  resist  its  al- 
'm  iik:r>— i5  a  question  of  degree  which  must  depend  upon 
j«f  :*£.r=K'-:  o:  each  individual  or  of  each  class  of  thinkers ; 
^w.  ^  ^  ^rn^NikZorr  that  thought  i«  seldom  expended  in  Tun. 
I  "la"'  e  '^hrr'irhcku:  endeavoured  to  discard  the  hypotheses 
.V  5U*r»-tf  -  c  '.vr."^:  entities :  if  in  this  endeavour  some  of  my 
AVIV'S  '^^'Tif  *:<^c  liopied  upon  insufficient  data,  I  still  hope 
jito.  'jji  e3«y  wil  rx  prove  valueless. 

V>:  .vc^v.'occ  1^*  ibeskixalled  imponderables  are  modes 

*v*  iivx:i:c,  ^"-V-  AS  all  event*,  lead  the  observer  of  natural 

.iK'o.'ixya*  :^'*  '>'''*  -""^  caanies  in  these  affections,  wherever 

».■     ■  --r-*r=>  <crjic«ure  ."»:  maner  i?  changed ;  and,  conversely, 

^  ^^^  ^xp  o>  c*  n>_»  is  maner,  either  temporary  or  permanent, 

^•V«v*^^~   i:  i5  aftv^ed  by  these  forces.     I  believe  he  will 

. ' ....  :.^  ->-^<  in  vain.     It  was  not  until  I  had  long  reflected 

»•»    S*  *u>>v^  •^-*•  1  ventured  to  publish  my  views:  their 

V.'.  ^  ,^-  -AAV  -"NiKKV  other*  to  think  on  their  subject-mat- 

•>v\  dirv  nc<  r*ut  forward  with  the  same  objects,  nor  do 

V^  A-vi  AS  *'iw  saaw  elaboration  of  detail,  as  memoirs  on 
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of  mentally  regarding  koowii facts,  sontefen'of  -which  I  hare 
myself  made  knowB  on  other  occasions,  but  the  great  mass 
of  iriiich  have  been  B^cnmulated  by  Oic  Iftbours  of  others, 
and  are  admitted  as  established  tntlha.  Everyone  lias  a  right 
to  Tiew  the*e  facts  through  any  medium  ho  Ihinks  fit  to  em- 
ploy, but  some  theory  must  esist  in  the  minda  of  Ihoae  who 
reflect  upon  the  many  new  phenomena  which  have  recently, 
and  more  particularly  during  the  present  century,  been  dis- 
covered. It  is  by  a  generalised  or  connected  view  of  past 
Dcquiaitions  in  natural  knowledge  that  deductions  can  best  l>e 
drawn  as  to  the  probiLhlo  character  of  the  reeulls  to  be  antici- 
pated. It  is  a  great  assistance  in  such  {nvestigutions  to  be 
iDtimately  convinced  that  no  physical  phenomena  con  aland 
alone :  each  is  inevitably  connected  with  anterior  changes, 
aad  aa  inevitably  productive  of  consequential  changes,  each 
whh  the  other,  and  all  with  time  and  space  ;  and,  either  in 
tracing  back  these  antecedents  or  following  up  their  codpc- 
(]uentti,  many  new  phenomena  will  be  discovered,  and 
many  existing  phenomena,  hiilierto  believed  distinct,  will 
be  connected  and  explained:  explanation  ia,  indeed,  only  re- 
lation to  something  more  familiar,  not  more  known — i.e. 
known  as  to  causative  or  creative  agencies.  In  all  pheno- 
mena the  more  closely  they  are  investigated  the  more  are  wo 
convinced  that,  humanly  speaking,  neither  matter  cor  force 
con  bo  created  or  annihilated,  and  that  an  essential  cause  ia 
naattunable. — Cansation   is  the    will,  Creation  the  act,   of 
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oal  light,  it  it  difficult  to  conceive  how  comets  as  Ihcj  approach 

this  region  steer  clear  of  such  bodies,  and  are  doi  even  directed 

from  thdr  orbits. 
For  Hr.  Thohpsoh'b  rarioua  and  raluahle  papers,  see  Phil,  Mag.  ISBl 

to  1854  inclUBire. 
81.  Potssow,  ComptCT  rendns,  Paris,  January  SO,  1837. 
8S.  DunTB,  Siilii™,  WiTBOM,  ind  Fkahklin,  Theories  of  Electric  Fluid 

and  Electric  Fluids  (Prieallej'a  History  of  Electrieil;,  pp.  Hi — 

441). 
8(L  GMtnRCS,  Sur  la  Dteompositioa  de  IIIbd  et  dea  Corps  qu'ello  tlent 

oi  dissolution  i  aide  de  I'Electricili  galTuuqne  (Ann.  de  Chimie, 

UMn.  IriiL  p.  54). 
FiKU>AT,  On  the   Question   whether   Electroljtea  conduct  withoot 

I  Decomposition  (Proceedings  of  the  Weeld;  Meetings  of  the  Kojal 
Institntion,  ISBB). 
Bkotc  (Comptes  rendua,  Paris,  18S9). 


I 


_^^ 


9M  Kom  JisD  XBarBDORiH. 


84.  FiJuikAT,  On  JbdocUan  ai  an  Aetion  of  eoBtfgnou  FtvtkiM  (FUL 
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98.  K  Bscqusbsl,  Transmission  of  Electridty  by  heated  Gasai  (Ann.  d& 

Ch.  et  de  Phys.  yoL  zxziz.  p.  865). 
Gboys,  Proceedings  of  the  Royal  Inst  (1854,  p.  861). 
Bscqusbsl,  DiYergence  of  Gold-LeaYCS  in  Vacuo  (Trait4  d'Elaelricit^ 

YoL  Y. ;  part  iL  p.  68). 
NswTOS,  Thirty-first  Query  to  the  Optics. 

99.  Gboys,  Particles  of  Metals  and  Metallic  Ozids  detacbed  'm  liqaidsby 

Electricity  (Elec  Mag.  yoL  L  p.  119). 
lOa  Matixuoci,  Relations  of  Electricity  and  Nerroaa  Foree  (FUL  Cbuml  . 


KOTES  AND  BXFKBEHOEB.  SOS 

IMS,  p.  S8G,   ISIR,  p.  497  i   Ph6nam6iiGS  phjglqiies  dM  Cotpa 
TiTuU,  p.  305  ;  Leiioni  di  fisics,  p.  SSO). 
Gu.TAnt  Vot-Ti  Haeuniki  et  Nobili  od  Phjtkilogiad  Effiecu  of 
Eteetiicitr  (Ann.  ie  Ch.  et  dc  PhTi.  toU.  S3,  £5,  39,  S8,  40,  4S, 
44,  06). 
101.  BwqtruiL,  Chemical  Cbulgea  b;  Friction  (Trait6  de  t'Etee.  toL  *. 

p^  1,  p.  IB). 
lOS.  Di  LA  Rite,  Heat  of  tbe  VolUic  Pile  (Bibl.  oiut.,  toL  liii.  p.  SS9). 
Datt,  On  tbe  PropertieB  of  Electrified  Bodies  in  their  relaUoai  lo 
Oandncting  Pcnrers  ind  Temperature  (Ptiil.  Trans.  1B21,  p.  42B), 
IOC  Okote,  On  the  Effects  of  eanDonding  Uedia  on  Yoltaic  Ignition  (PhiL 

TmiB.  ft49,  p.  49). 
lOf.  OmnsD,  Eip^ricDco  sur  I'EOet  du  Conflict  ilcctriqae  but  1' Aiguille 

■innate  (Ann.  de  Ch.  et  dc  Phje.,  torn.  lir.  p.  4 It). 
lOS.  CoLHUDaE,  Ttble  Tilk,  vol.  i.  p.  flS. 

109.  Lent  uid  Jacdbi,  Fogg.  Ann.  tdI.  xrlil  p.  403  ;  Bulletin  de  I'Acad. 
8L  Petenburg,  1839  ;  Hirris,  Magnetiam,  p«rt  2,  p.  AS. 
Da*t,  Deoompoaition  of  the  fixed  AlluliM  (PhiL  Truu.  1S08,  p.  I). 
BacQcniL  Des  Compoe^  i1ectn>cliimiqDes  (Traits  de  1'Electridt^, 
ToL  iiL  o.  IS). 
^L       CsoBHi,  TransBctiona  of  the  Britieb  Auodation,  vol  T.  p.  47 ;  Pro- 
^^,       ceedingi  of  the  Electrical  Societ;,  p.  320. 

HPHi  tUi-in,  Polariaation  of  light  by  Befiection  (M^moins  d'Arcndl,  lorn. 
■^  iL  p.  143), 

AbaOO,  Circular  Polaruation  b;  SoUda  {liemoirea  de  I'lnnitat,  1811). 
111.  Bun,  CircoUr  Polariaation  by  Liquids  (Mfmoirea  de  ricstitnt,  1817). 
111.  NtETca  and  DioounE,  Hinorique  et  Description  des  ProcM£s  du 
DagnerrtetTpe,  Parti,  1839. 
Talbot,  Pboti^enic  Drawing  and  Calotrpe  (Phil.  Hag.  Uarch.  ISSO, 
and  Angual  1841). 
118.  Bbscbxl,  Chemical  Action  of  tbe  Solar  Spectnuu  on  rariouB  Sub- 
lUncee  (PhtL  Trans.  1840,  p.  i.  and  1S42,  p.  181). 
HdiTT,  Researches  on  Light,  London,  1844. 
lit.  Orovi,  Other  Forces  prodoced  bj  Light  (Lit.  Gax.  January  1844). 
IIT.  OaoTB,  Induence  of  Light  on  the  Polarised  Eieotrode  (PhiL  Mag. 
December  IBfiS). 
SoumTUJjr  (Mra.),  On  the  Uagnetlnog  Power  of  the  more  Re&angi- 

bl«  Solar  Ran  (FbU.  Trans.  1868,  p.  ISZ). 
**""""■—'■  eipetimeDt*  are  giTcn  in  Hre.  SdoierTUle'a  ps^xc 
lU.  HfWfur.  On  the  Abaoiptlon  of  Light  In  Oobured  Mcdii  rtewed 


•» 


1 

.iiomxra  Ivrv   OLtwiwi  5  «)inici.  x  30V 
IB   rh.   T«.  .Lui.  -v  .  £i.  md  .?nig.  .inn. 

Zap^Niiavi  Lric  7*uL  !1tbi;.  tc    tttt.  npi.  143,  UTi. 
\^mit^  a  B^rfrvoc*.*. uiit7  a*  Ij^    f^-iL   rnma.  Tim  a2. 

;21  For  Uv  flrrt  nranrUUnni  of  Uw  CwTniiieuiir  nui  Tnaaumrr 
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Qbote,  Voltaic  Action  of  Sulphur,  Phoaphoma,  and  Hydrocarbona 
(PhiL  Trana.  1840,  p.  BBl). 
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Dalton,  New  System  of  Chemlatry,  London,  1810. 
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171.  HoeoTTi,  Forces  which  regulate  the  Internal  Constitittian  of  Bo^ 

(Taylor's  Sdentifio  Memoirs,  toL  L  p.  448). 
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172.  Matteuoci,  Correlation  of  Electrio  Current  and  NerTOfiu  Force  (FluL 

Trans.  1860,  p.  287). 
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175.  HxLMHOLTz,  Mailer's  Archives,  1846 ;  Matrucvi,  Comptes  rendos, 
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'*^  "^  ^^  ^  "•*■  'S-^TvsT  3sA7.ri!nir.  Prrdiwwp  "^^^^  '""»•  ^i*  chemist,  was 
^'"^  "^•'-  '  ■■■^  i-=s  a  iitf  T-.-rt  :r  jiscru.tii.-Tx.  iac  a  1*+?  i<  two  Inends 
■*"  "^-  -''^■■^.:-  TB  «^u.  Tis  13  zin  TiL-jpsr-  xz  iLssmsx  i=.  Hewe  Csnd, 
V.  -i«,-  1-  -  ->^  f^.:ivr«i:  :'>;Taj«r.  3:=i^i2.  Ji  '->;".  rVriesssx'  Trndall 
****   "^    ^*-'^*.-  u?ii  ^  ;-s«i  4.  "u^j  ^?:;:i»--r  :c  ossmhrxtfOfci  -i  the  labontorr 

•■*  **^-    ^    itiT.a;^*.  TV  Tr  ?»-i«  ;.:c«w  .%-ann:  Sa^cx.  as^i  Ftafesior 
'*''*"^  ■    "    •'^^   »*.-v\»aiVvL  T-'nli'^cr  .-i"  yi.=ir*L  TYIi-TKciT  —  the  Rotil 
■•  *   ~    -.     s  »..  4a  un:\Ln:aii!77  "wi.!:'!  2«i  3>:*  b»as.     la  cixnpanrwith 

•*  a*    •-»  ...» 

**  ■■  *««.T"  i'.ir-t*'.  IV  »-s*w.-i  Htf  AT*  a  ISM  :  lai  TfXanang  eadi 
"  ^    '•tfcfc-.    iv  iL-'.'-aniu«Lif*£  iw  jtfisw'aaL'm  a»£  »riu.:«d«s  wlueh  are 


^    ^*     ■       -'     ■■    ^    -^.t  a-  ::s<inirQSh2C  It  i-s  xicsft:  aai  ciabocate  re- 
^   '^   ^^*.:vu>  A   -"aixtadc  mk:  v  rmwrcs  asi  Traporooi  matter. 
"*  *^^  '•'"  ^-  --'1  tt  x;«i  utc  v.tiL  .-ct  -  5**s  as  a  aode  of  XotMB," 
*       ^-^  »J  ^'OKTinvvsur  T^.-mkcc  T^siLI  is  marfced  isr  lus 
vv  *  ^     '^■■' '^:-    irx.    li'-..^.^  7«nK«vruo:  *ciifr  ,s£.-uae9;  aa  awriiei^ 

•  ^*^  •■y.v.M>  *— is. 


ANEW  cooqueat  of  very  general  interest  bas  been  recently 
made  by  natural  philosophy.  In  Iho  following  pngest  I 
will  endeavour  to  give  a  notion  of  the  natnro  of  this  conquest. 
It  bas  reference  to  a  new  and  universal  natural  law,  which 
rules  the  action  of  natural  forces  in  their  mutual  relations 
towards  each  other,  and  is  as  influential  on  our  theoretic 
views  of  natural  processes  as  it  is  important  in  their  technical 
applications. 

Among  the  practical  arts  which  owe  their  progress  to  the 
development  of  the  natural  sciences,  from  the  coDClusion  of 
the  middle  ages  downwards,  practical  mechanics,  aided  by 
the  mathematical  science  which  bears  the  same  name,  was 
one  of  the  most  prominent.  The  character  of  the  art  was,  at 
the  time  referred  to,  naturally  very  different  from  its  present 
one.  Surprised  and  stimulated  by  its  own  success,  it  thought 
no  problem  beyond  its  power,  and  inmicdiatelj  attacked  some 
of  the  most  difficult  and  complicated.  Thug  it  was  attempted 
to  build  automaton  figm^s  wliich  should  perform  the  fiiaetiona 
of  men  and  animals.  The  wonder  of  the  last  century  was 
Taucanaoo's  duck,  which  fed  and  digested  its  food  ;  the  flnto- 
pUjer  of  the  same  artist,  which  moved  all  its  fingers  cor- 
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redljr;  the  wxitmgbojofllieoldBr,  aodihepiHMhftfioil^fi 
er  of  the  yoimger  Droz :  which  latter,  when  perfonuing,  U^^ 
lowed  its  hands  with  his  eyes,  and  at  ibB  condnaian  of  Uis 
piece  bowed  conrteouslj  to  the  andienoe.  lliat  man  Eka 
those  mentioned,  whose  talent  mi^  bearccnnpariaon  wMi. 
the  most  inventive  heads  of  the  present  age,  ahonld  spend  aa 
much  time  in  the  constmction  of  these  fignies,  which  we  at 
present  regard  as  the  merest  trifles,  would  he  incomprehensfr 
hie,  if  tiiej  had  not  hoped  in  solemn  earnest  to  adve  a  grai^ 
problem.  The  writing  boy  of  the  elder  Dros  waa  pvUic^ 
exhibited  in  Germany  some  years  ago.  Its  wheet-work  is  aa 
oonq[ilicated,  that  no  ordinary  head  would  be  anffidbaft  to 
decipher  its  manner  of  action.  When,  however,  we  axe  ii^ 
formed  that  this  boy  and  its  constructor,  being  sospected  of  the 
black  art,  lay  for  a  time  in  the  Spanish  Inquisition,  and  with 
difficulty  obtained  their  freedom,  we  may  infer  that  in  those 
days  even  such  a  toy  appeared  great  enough  to  excite  doubts 
as  to  its  natural  origin.  And  though  these  artists  may  not 
have  hoped  to  breathe  into  the  creature  of  their  ingenuity  a 
sotd.  gifted  with  moral  completeness,  still  there  were  many 
who  would  be  willing  to  dispense  with  the  moral  quaUtiea  of 
their  servants,  if,  at  the  same  time,  their  immoral  qualitiea 
could  also  be  got  rid  of;  and  accept,  instead  of  the  mutafaililj 
of  flesh  and  bones,  services  which  should  combine  the  r^giH 
larity  of  a  machine  with  ik<d  durability  of  brass  and  ateeL 
The  object,  therefore,  which  the  inventive  genius  of  the  paat 
century  placed  before  it  with  the  fullest  earnestness,  and  not 
as  a  piece  of  amusement  merely,  was  boldly  chosen,  and  waa 
followed  up  with  an  expenditure  of  sagadly  whidi  haa  confti^ 
buted  not  a  little  to  enrich  the  mechanical  experience  which  a 
later  time  knew  how  to  take  advantage  oL  We  no  longer 
seek  to  build  machines  which  shall  folfil  the  thousand  services 
required  of  one  man,  but  desire,  on  the  contrary,  that  a  ma* 
chine  shall  perform  one  service,  but  shall  occiqpiy  in  doinig  it 
the  place  of  a  thousand  men. 
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From  these  efforta  to  imitate  living  creatnreB,  another  idea, 

D  by  a  misunderstanding,  Bcems  to  have  developed  itself, 
Vhicfa,  as  it  were,  formed  the  new  phibsophcr'B  atone  of  tlie 
KTent«enth  and  eighleentli  centuries.  It  was  now  the  endeav- 
onr  to  construct  a  perpetual  motion.  Under  this  term  was  un- 
derstood a  machine,  which,  without  being  wound  up,  without 
eonstttniiig  in  the  working  of  it,  falling  water,  wind,  or  any 
Other  natural  force,  should  biUI  continue  in  motion,  the  motive 
power  being  perpetually  supplied  by  the  machine  itself.  Beasts 
uid  human  beings  seemed  to  correspond  to  the  idea  of  such  an 
apparatus,  for  they  moved  themselves  energetically  and  inces- 
santly as  long  as  tliey  lived,  were  never  wound  up,  and  nobody 
set  them  in  motion.  A  connection  between  the  taking-in  of 
nonrishment  and  the  development  of  force  did  not  make  itself 
appftrent.  The  nonrishment  seemed  only  necessary  to  grease, 
aa  it  were,  the  wbeelwork  of  the  animal  machine,  to  replace 
what  was  used  up,  and  to  renew  the  old.  The  development 
of  force  out  of  itself  seemed  to  be  the  essential  peculiarity,  the 
real  quintessence  of  organic  life.  If,  therefore,  men  were  to 
he  constructed,  a  perpetual  motion  must  first  be  found. 

Another  hope  also  seemed  to  take  up  incidentally  the  sec- 
ond place,  which,  iu  our  wiser  age,  would  certainly  have 
daimed  the  first  rank  in  the  thoughts  of  men.  The  perpetual 
motion  was  to  produce  Work  inexhaustibly  without  corre- 
apondingconsumplion,  that  is  to  say,  out  of  nothing.  Work, 
however,  ia  money.  Here,  therefore,  the  practical  problem 
which  the  cunning  heads  of  all  centuries  have  followed  in  the 
most  diverse  ways,  namely,  to  fabricate  money  out  of  nothing, 
invited  solution.  The  aimilurily  with  the  philosopher'a  atone 
sought  by  the  ancient  chemists  was  complete.  That  also 
was  thought  to  contam  the  quintessence  of  organic  life,  and  to 
be  capable  of  producing  gold,  ^ 

The  spur  which  drove  men  to  inquiry  was  sharp,  and  the 
talent  of  some  of  the  seekers  must  not  be  estimated  as  small. 
The  nature  of  the  problem  was  quite  calculated  to  entice  por- 
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ing  brains,  to  lead  them  immd  a  cnole  tbt  jean,  deerfflag 
eyer  with  new  expectatione,  which  Taniahed  upon  neam  ap» 
proach,  and  finally  reducing  these  dnpes  of  hope'tvopeii  bh 
sanity.  The  phantom  could  not  be  gnsped.  It  would  be 
impossible  to  give  a  history  of  these  efforts,  as  the  dearer 
heads,  among  whom  the  elder  Droz  must  be  ranked,  oooTmoed 
themselyes  of  the  futility  of  their  experiments,  and  wera 
naluraUy  not  inchned  to  speak  much  about  them.  Beiwildsred 
intellects,  however,  proclaimed  often  enough  that  tfaejhad 
discovered  the  grand  secret ;  and  as  the  incorrectneaa  of  their 
proceedings  was  always  speedily  manifest,  the  matter  fell  infeo 
bad  repute,  and  the  opinion  strengthened  itself  more  and  men 
that  the  problem  was  not  capable  of  solution ;  one  difficol^ 
after  another  was  brought  under  the  dominion  of  mathemati- 
cal mechanics,  and  finally  a  point  was  reached  where  it  eould 
be  proved,  that,  at  least  by  the  use  of  pure  mechanical  forces, 
no  perpetual  motion  could  be  generated. 

-  We  have  hero  arrived  at  the  idea  of  the  driving  force  or 
power  of  a  machine,  and  shall  have  much  to  do  with  it  in 
future.  I  must,  therefore,  give  an  explanation  of  it.  The 
idea  of  work  is  evidently  transferred  to  machines  by  compar- 
ing their  arrangements  with  those  of  men  and  animals  to 
replace  which  they  were  applied.  We  still  reckon  the  work 
of  steam  engines  according  to  hbrse-power.  The  value  of 
manual  labor  is  determined  partly  by  the  force  which  is  ex- 
pended in  it  (a  strong  laborer  is  valued  more  highly  than  a 
weak  one),  partly  however,  by  the  skill  which  is  brought  into 
action.  A  machine,  on  the  contrary,  which  executes  work 
skilfully,  can  always  be  multiplied  to  any  extent ;  henoe  its 
skill  has  not  the  high  value  of  human  skill  in  domains  where 
the  latter  cannot  be  supplied  by  machines.  Thus  the  idea  of 
the  quantity  of  work  in  the  case  of  machines  has  been  lindted 
to  the  consideration  of  the  expenditure  of  force ;  this  was  the 
more  important,  as  indeed  most  machines  are  constructed  ibr 
the  express  purpose  of  exceeding,  by  the  mf^gnifad^  of  theb 
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effects,  the  powers  of  men  and  animals.  Hence,  in  a  mecbaai- 
cftl  Beuse,  the  idea  of  work  ia  become  identical  with  thai  of 
the  espenditure  of  force,  and  in  tiiia  way  I  will  apply  it. 

How,  thsD,  can  wo  measure  tbia  expenditure,  and  compare 
it  in  the  case  ol  different  machines  ? 

I  must  here  conduct  you  a  portion  of  the  way — as  short  a 
portion  as  possible — over  the  uninviting  field  of  mathcmatico- 
mM^nical  ideas,  in  order  to  bring  you  to  a  point  of  view  from 
which  a  more  rewarding  prospect  will  open.  And  though  the 
example  which  I  iihall  here  choose,  namely,  that  of  a  water- 
mill  with  iron  hammer,  appears  to  bo  tolerably  romantic,  still, 
alas,  I  must  leave  the  dark  forest  valley,  the  spark-emitting 
anvil,  and  the  black  Cyclops  wholly  out  of  eight,  and  beg  a 
moment's  attention  to  the  leas  poetic  aide  of  the  question, 
namely,  the  machinery.  This  is  driven  by  a  water-wheel  which 
in  ite  turn  is  set  in  motion  by  the  falling  water.  The  axle  of  the 
water-wbeel  has  at  certain  places  small  projections,  thumbs, 
which,  during  the  rotation,  lift  the  heavy  hammer  and  permit 
it  to  fall  again.  The  fulling  hammer  belabors  the  moss  of 
metal,  which  is  introduced  beneath  it.  The  work  therefore 
done  by  the  machine  consists,  in  this  case,  in  the  lifting  of  the 
hammer,  to  do  which  the  gravity  of  the  latter  must  be  over- 
come. The  expenditure  of  force  will,  in  the  first  place,  other 
drcnmstances  being  cqnal,  be  proportioned  to  the  weight  of 
the  hammer  ;  it  will,  for  example,  bo  double  when  the  weight 
of  the  hammer  is  doubled.  But  the  action  of  the  hammer 
depends  not  upon  its  weight  alone,  but  also  upon  the  height 
irom  which  it  falls.  If  it  falls  through  two  feet,  it  will  pro- 
duce a  greater  effect  than  if  it  falls  through  only  one  foot.  It 
is,  however,  clear  that  if  the  machine,  with  a  certain  expendi- 
ture of  force,  lifts  the  hammer  a  foot  in  height,  the  same 
amouai  of  force  must  be  expended  to  raise  it  a  second  foot  in 
height.  The  work  is  therefore  not  only  doubled  when  the 
it  of  the  hammer  is  increased  twofold,  hut  also  when  the 
a  through  which  it  falls  is  doubled.     From  this  it  is  easy 
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Ve  metonred  hj  the  product  <rf  the 
vhi<^  it  aflcenda.     And  in  tfait 


'^    _:.     .    ▼>  r?^  2-  »  i;ii-T-it:i2:id.  that  id,  a  ponnd  weight 

..T     It:.    «<  rr;  u   um^  r^bM  i':?:.-*a«c*  in  the  raising  of  the 

s^^2i33nr-^:\eAu   uit  crrrzir  ?^r^f  v-jich  sets  the  latter  in 

~.     ;    j^uioriLii^c  vy  ThT'r  r  ^hZir.     Iz  is  not  necessarj 

^t:    ^v-iucr   sbonld  xkH  TeranLj-r.  ±  caa.  alao  flow  in  a 

■^Sfc-.-.—  ladint'd  \k'Q  :  bis  h  mixs  i1t»t?,  where  it  hai 

m  mcviio^.  xDc>Te  fr:*ii  a  higher  to  a  lower 
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^Lii.  x-xperiznezi  asd  iiieorr  coiiiaSe  in  teaching,  that 
a  }iiL=22:>er  cf  a  himdrea  wfdrtii  15  :v  c*e  raised  one  foot, 
L-.-jixiiviish  ihi«  a:  least  a  hundred  weizti;  of  water  nuist 
■nr-.aji  ih.e  space  01  one  fc»o: :  or  whai  is  equivalent  to 
"^  -  i:m£r««i  weight  most  fall  fall  ha'::"  &  foot,  or  fonr  hnn- 
v-.jr=:  A  c-iartcr  c:  a  f'X)t-  etc.  In  short,  if  we  midtiply 
a:  V  .-.:ri:  :;  -^1.5  -A^'-r  water  bv  the  hcirh:  through  which  it 
**-**  *^-  —  "TiT^L  AS  :.s::-r«,  the  pro»duc:  as  ihe  measure  of  the 
■^'jr^i-  --iiz.  z^-z  w.Ti  rerrVrmed  bv  the  machine  in  raising  the 
•  '•■*^-  ^^  ^-s  ni»:j5:  favcurable  case,  be  only  equal  to  the 
•*=*  - '  --X'c-rc-wivis  r:  wa;er  which  have  fallen  in  the  same 
-^  T^^*-"^'-"^-  in-i-£^i.  this  ratio  is  by  no  means  attained ; 
*  r^-*^  ?*-  :^«:c  - :'  -Jie  w:rk  c:  the  failing  water  escapes  unused, 
*'--   A*  par:  jf  il.£  :?rce  is  willinsriv  sacrificed  for  the 

*      —  ".^^r'-i-sr  rfmark.  tii:  this  relation  remains  unchanged 

:.  .-*:.  ^ ;  --A      sr:  r  15  criv^gn  inuuediatelv  bv  the  axle  of  the 

>%..t^.i.  .r  -^--i:,^^-:. — v^  ^^  intervention  of  wheel-work,  end- 

.eas>  ^c:*,w<^  7-u,^^■^  r>?pes — the  motion  is  transferred  to  the 

^    — ^7-  maeea,  by  such  arrangements,  succeed 

.;»-j^_^  i  "Aiiini-'r  c*:'  :en  hundred  weight,  when  by  the  first 

t'lv    "^^'^T?^— x-^:,ii^  ^X^vation  of  a  hammer  of  one  hundred 

''*^'*'        ^"^  *-v.'~^  be  po^ible  :  but  either  this  heavier  ham- 

:uv.    *  -Ti^xi  i^.  ottly  ow  tenth  of  the  height,  or  tenfold  tho 
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tine  a  required  to  raise  it  lo  tlie  saiiio  height ;  bo  that,  hoir- 
crer  we  may  alter,  by  Ihe  interpositioD  of  machinery,  the  ia- 
teiuity  of  the  acting  force,  stiU  in  a  certain  time,  during  which 
the  mill-stream  furnishes  ua  with  a  definite  quantity  of  water, 
a  certain  definite  quantity  of  work,  and  do  more,  can  be  per- 
formed. 

Out  machinery,  therefore,  ka»,  in  the  first  place,  done 
nothing  more  than  make  use  of  the  gravity  of  the  falling  wa- 
ter in  order  lo  overpower  Ihe  gravity  of  the  hammer,  and  to 
raise  the  latter.  When  it  has  lifled  the  hammer  to  the  neces- 
sary height,  it  again  liberates  it,  and  the  hammer  falls  upon 
the  metal  mass  which  is  pushed  beneath  it.  But  why  does 
the  iailing  hammer  here  exercise  a  greater  force  than  when  it 
is  permitted  simply  to  press  with  its  own  weight  on  Ihe  mass 
of  metal  ?  Why  is  Its  power  greater  as  the  height  iram  which 
it  falls  is  increased?  We  find.  In  fact,  that  the  work  per- 
formed by  the  hammer  is  determined  by  its  velocity.  In 
other  cases,  also,  the  velocity  of  moving  masses  is  a  means  of 
prodncing  great  effects.  I  only  remind  you  of  the  destruclive 
efi«cts  of  musket-bullets,  which,  in  a  state  of  rest,  ore  the  most 
tmnnJcss  things  in  the  world.  I  remind  you  of  the  wind-mill, 
which  derives  its  force  from  the  moving  air.  It  may  appear 
surprising  that  motion,  which  we  are  accustomed  to  regard  oB 
a  non-essential  and  transitory  endowment  of  bodies,  can  pro- 
duce such  great  effects.  But  the  fact  is,  that  motion  appears 
to  us,  under  ordinary  circumstances,  transitory,  because  the 
movement  of  all  terrestrial  bodies  is  resisted  perpetually  by 
other  forces,  friction,  resistance  of  the  air,  etc.,  so  that  motion 
18  incessantly  weakened  and  finally  neutralized.  A  body, 
however,  which  is  opposed  by  no  resisting  force,  when  once 
set  in  motion,  moves  onward  eternally  with  undiminished 
velocity.  Thus  we  know  that  the  planetary  bodies  have 
moved  without  change,  through  space,  for  thousands  of  years. 
Only  by  resisting  forces  caa  motion  be  diminiBhcd  or  destroyed. 
A  moving  body,  snch  as  the  hammer  or  the  musket-boll,  when 
10 
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-  HKc*  ;.i£?iiuj*t  inuiher.  presses  the  latter  together,  or  pene- 
-:•.*.>    .    mu  ae  ^»m  li  -he  rvsisiiiiff  forces  which  the  body 

•-!«.-.    r"-«rr.i  t»  is  ir*'?6urt'.  or  ro  die  reparation  of  its  p«w 

•  .-.T.   --  .u:n,!f:2t;:-  ->ar  lo  .ie^trov  the  motion  of  the  ham- 

r-T     -     I    jie  '.Millet.     The  motion  of  a  ma^s  re<nirded  as 

•.j.:::r  ue  place  of  working  force  is  calltd  :iie  living  force  (rii 

. .  :n  ■•!  the  ma:?8.     The  word  ••  Uving  "  ha^  a'  worse  here 

.0  "i'ien?nce  whatever  to  living  beings,  bu:  is  iz.:ended  to  rep- 

Tseni  solelv  the  force  of  the  motion  as  dLstinzmshed  from  the 

-itaie  of  nnchanged  rest — from  the   gravity  cfi  a  motionkffl 

"x-:v.  for  example,  which  produces  an  incessant  pressure 

ajainst  the  surtace  which  supports  it,  bu:  does  not  produce 

irv  noiioa. 

■ 

Iz  :he  case  before  us,  therefore,  we  had  first  power  in  the 
— .:    f  s  falling  mass  of  water,  then  in  the  form  of  a  lifted 

ai'i.  iliir:>.  in  the  form  of  the  living  force  of  the 

:,     -  ..L=:r-::.     '^V^  ?'::-.ili  transform  the  third  form  into  the 

-:.  ::t  :\ij::i.f.  r-:mii:tcd  the  hammer  to  fall  upon 

.^.f  .;  T:-:!  ':-:.vji  f-.rccj  enoudi  to  resist  the  shock. 

•  '    :  V    :.:.  r.Kzzi.  3^zl  :z  thv  most  favourable  case 

-  :   :    f    ::^::   ::i.l1  :;■  :1a:  from  wlJoh  it  fell,  but 

.   :.  -  "  -:>:  :..r: :  r.     I- :i:f'^  ay  i:s  mass  would  ascend ; 

-.  s.   :ii    :trir.uz-  v:.;-  i-^  r.-^hf?:  loin:  ha.- been  attained, 

^   ijiii'   *  Ti":*  T.    ::.:  s£.ri*: -unr-er  o:  raised  loot-pounds  as 

.      -        1  •].    :•:    :'  f.  m.^MT  z izir-or :  that  is  to  sav,  livin? 

■  .:    J  :•  rf.-;    ;*•:    nj.^':    i=i:-"'  ^f  work  as  that  ex- 

:i  :-.^.;  r.c      1:  i?  :l-:rc:'ore  equivalent  to  this 

...   :.-    ^-   fi  : J  ~:i.-«  cf  ?:nking  weights,  and 

^    •     -.\ /.:>.■■    :lv  :::.«::- of  JpriDgs.     A  weight 

— ■:.:.■.   .'.:;".-<*>::.  .*rr:n:3  which  is  without 

V    .     .  r.-.r.-i .  ::  :"::i:n  such  we  must  fiwt 

■     •  ro^-     :z.s.:z  :o  the  spring,  which  is 

%'%.•,:    ^\    '•••-'i  '^7  •-'  Civvks    and  watches. 

^  41^  ^v^  .'c  'vnsich  commtmicates  to  the 
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ireigbt  or  to  the  spring  a  certain  amount  of  poircr,  and  ex- 
tedy  so  much  as  is  thus  comminiicated  is  graduallj  given  oui 
•gain  daring  the  following  twenty-four  hours,  the  original 
force  being  thns  alowly  cODsumed  to  ororcome  the  friction  of 
the  wheels  and  the  resistance  which  the  pendulum  encounters 
from  the  air.  The  wheel-work  of  the  clock  therefore  exhibits 
no  working  force  which  was  not  previonsly  communicated  to 
il,  but  simply  distributea  tlie  force  given  lo  it  unifonnly  over 
a  longer  time. 

Into  the  chamber  of  an  aii^gun  we  squeeze,  by  means  of 
a  condensing  air-pump,  a  great  quaality  of  air.  When  we 
afterwards  open  the  cock  of  a  gnn  and  admit  the  compressed 
air  into  the  barrel,  the  ball  is  driven  out  of  the  latter  with  a 
force  similar  to  that  eierled  by  ignited  powder.  Now  we 
Btay  determine  the  work  consumed  in  the  pnmping-in  of  the 

K',  and  the  living  force  which,  npon  firing,  is  communicated 
tlie  ball,  but  we  shall  never  find  the  latter  greolcr  than  the 
mer.  The  compressed  air  lias  generated  do  working  force, 
Imt  simply  gives  to  the  bullet  that  which  has  been  previously 
communicated  lo  it.  And  while  wo  have  pumped  for  perhaps 
a  quarter  of  an  hour  to  charge  the  gun,  the  force  is  expended 
in  a  few  seconds  when  the  bullet  is  discharged  ;  but  because 
the  action  is  compressed  into  so  short  a  time,  a  much  greater 
Telocity  is  imparted  to  the  ball  than  would  be  possible  ta  com- 

Eiicate  to  it  by  the  nnaidcd  effort  of  the  arm  in  throw- 
>«■ 
From  these  examples  you  observe,  and  the  mathematical 
iry  has  corroborated  this  for  all  purely  mechanical,  that  is 
to  say,  for  moving  forces,  that  all  our  machinery  and  appara- 
toe  generate  no  force,  but  simply  yield  up  the  power  com- 
mnnicated  to  them  by  natural  forces, — falling  water,  moving 
r  by  the  muscles  of  men  and  animals.  Afler  this  law 
i  been  established  by  the  great  mathematicians  of  the  last 
pntory,  a  perpetual  motion,  which  should  make  only  use  of 
e  mechanical  forces,  such  as  gravity,  elasticity,  pressure  of 


_J 


caaid  (HthrbeHiqi^  after  bj  bewildered 
itoiBcrKtBd  peoofe.    Bat  dwte  are  sdll  <ither  netiml 

3i:€  re^ooed  among  the  piirel7  moriog 
maeoetisiiu  l^bt.  dmnkal  forees, 
iaL  It  -v^xcL  je««iut-fes  scaad  in  maniMd  rdatkm  to  me- 

Tliiire  is  banfir  a  natural  ptoeeaetobe 
-sat  aKompanied  bj  medianical  actions,  or 
-nasi  MKaamgal  work  maj  not  be  derired.  Here  the 
mssftn  7c  A  >fir»GBl  mcoaa  remained  open ;  the  dedaioii 
A  lufr  nasKim  .iHMit^  sis  pfTJsreas  oc  "wwlpni  tdnrsies. 

Ji  iw  .-Taie  It  3ii>  lir-cvn.  the  work  to  be  acoompliahed  in 
-SK  -vnnusnm.  it  -iht  2«*L  va?  zirm  br  the  arm  <^  the  w*wi 
-vstf  lumwi  n  'aie  lir.  I2  ortHnarr  firearms,  the  condensed 
-aa»  n  ar  -wrxasa.  jemtii  "dut  huBet  ss  obtained  in  a  totalfy 
ArK^r-!^  izaacMT.  laansiy.  W  du  CDmbastion  of  the  powder, 
i^^xsj^wifcr  i  rru:s?jr^ua  W  ecmrosdoa  for  the  most  port 
x;\i.-  r^ftvvis  7r:«iaL"S*  ▼^aa  faiftiTor  to  occopy  a  mach 
fc^r  «iic^  :aai  ^lk  ^^«T^c^as^r  zakes.  up  hj  the  Tolmne  of 
av  TWitr  riaa^  j*:!!  ««.  li*:.  ^t  the  use  of  gunpowder, 
uv  -v^.TS.  ^iiiHi  "fxe  JiTTTar  ATS.  =^asc  accompli^  in  the  case 

J:  :2\;  iL!ri^=»f^  :c  *(xr  Tra^'frr^fts,  the  steam  eagine,  it  is  a 
<rv\S;:?>  ,'»,»uiiips«»i  lurbcrsi  5cct,  water  Tapour.  which,  by 
is^  ^\!R'f*'  u'  •vMfK.  ^«c»  :3str  ttsii't;''"^  ti  motioo.  Here  also, 
<%r  A^  ^.^  .vmofo^s*!  ^  scaui  bj  means  of  an  external 
tiv><nwr.v^  viT^f.  >ac  >7-  A'lm-T-fv'aang  heat  to  a  masis  of 
^Ttt^-t'  u  1  Sinw^i  x*dtfr.  w«  tf*a^ge  this  water  into  steam, 
^^>«xA».  »t  Ai5t%j\r»raor  -'C  :itf  Ifsrss  o:'  the  space,  is  developed 
Yxtcv^  si-^.^n;  m«Qunf.  Iz  ^»  <»k,  therefore,  it  is  the  heat 
At«rttait.v^v>£  ^-Ivi  WKC*a»  :he  mechanical  force.  Tbe 
V^  ^w>  njwtRj^TT  xr  ^se  machine  ve  might  obtain  in  many 
^rt^x     :>f  «^iL3dJ^  mec^xi  »  to  rzwuD?  it  from  the  combos- 

\\<«ii»^«!«.x^  V  A  o&i^ttxal  pivKVds.     A  particular  oonstita- 
4»«  ^'  vsMT  iuatfeCtffnWy^  sMTjpMu  j^Msesna  a  strosig  fixroe  of 
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)r,  OB  it  is  named  in  cbemistrj,  a  atrong  affinity 
for  the  constituenls  of  the  combustible  bodj,  which  affinity, 
however,  in  moat  cases,  can  only  exert  itself  at  high  tempera- 
tures. As  soon  as  a  portion  of  the  combustible  body,  for  ex- 
ample the  coal,  is  sufficiently  heated,  the  carbon  unites  itself 
with  great  violence  to  the  oxygen  of  the  atmosphere  and  fonns 
&  peculiar  gas,  carbonic  acid,  the  same  which  wc  see  foaming 
from  beer  and  champagne.  Bythis  combination,  light  and  heat 
are  generated  ;  heat  is  generally  developed  by  any  cambinatioQ 
of  two  bodies  of  strong  aifinity  for  each  other  ;  aod  ivhen  the 
best  is  intense  enough,  light  appears.  Hence,  in  the  steam 
engine,  it  is  chemical  processes  and  chemical  forces  which  pro- 
duce the  astonishing  work  of  these  machines.  In  like  manner 
the  combustion  of  gaupowder  is  a  chemical  process,  which, 
in  the  barrel  of  the  gnn,  commnnicates  hving  force  to  the 
ballet.      ■ 

While  now  the  steam  engine  develops  for  ns  mechanical 
work  out  of  heat,  we  can  conversely  generate  heat  by  mechani- 
cal forces.  A  skilful  blacksmith  can  render  an  iron  wedge  red 
hot  by  hanunering.  The  axles  of  our  corriages  must  be  pro- 
tected by  careful  greasing,  Irom  ignition  through  friction. 
Even  lately  thid  property  has  been  applied  on  a  large  scale.  In 
some  factories,  where  a  snrplna  of  water  power  is  at  hand,  this 
surplus  is  applied  to  cause  a  strong  iron  plale  to  rotate  swiftly 
npon  another,  so  that  they  become  strongly  heated  by  the  fric- 
tion. The  heat  so  obtained  warms  the  room,  and  thus  a  atOTe 
without  fuel  is  provided.  Now,  could  not  the  heat  generated 
by  the  plates  be  applied  to  a  small  steam  engine,  which,  in  ila 
turn,  should  be  able  to  keep  the  rubbing  plates  in  motion  ? 
The  perpetual  motion  would  thus  be  at  length  found.  This 
question  might  be  asked,  and  could  not  bo  decided  by  the 
older  mathcmatico-mcchanical  investigations.  I  will  remark, 
beforehand,  that  the  general  law  which  I  will  lay  before  you 
answers  the  question  in  the  negative. 

By  a  similar  plan,  however,  a  speculative  American  set 


vilbonindto 

k  li«jbL     At  A»i 
mmililjf  of 
i»  ^tSSmt  m  this  vsjr  tins 

and  UMitad  dtti  b J 

of  liMl  wms  generated  to 

wbidi  ogam  diovolus 

the  water,  aad.flnif 

liaeL    TUb  vodldcertaiiiljhavo 

cfan 

kept  k  going,  gensrated  fi|^ 

on  Mil  111  it.    The  matter  vai  bf 

Eoch  practieol  ot^  m  the  affidr 

dnee  vhkh  at  thai  time  irara 


tril  fiaftr  ft^om  dM»e 

iHili  mM'hoaMiftl 
Startiog  from 


on  dM  lint  heaangtho 
bored  amoDg  the  mnavp 
;  and  indeed,  a  fidde  it 

to  mJriiily  firamplfio  finrther.     Too 
givon,  in  what  immediate  oomiietkm 
fitflii,  ^»m1  dienical  aAniftT,  irtand 


of  dnee  ^lii^iwiMt  rrmnifnriitinnt  of 
ait  oforx  odMT  in  motioot  ftrHie  diQ0t 
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part  not  in  one  way  merely,  but  in  many  ways.     It  is  here  aa 
with  the  wcaTCFB  web, — 

Where  a  st«p  gtirs  a  thonsand  tlireads, 

The  ahatdes  shoot  from  side  to  side, 

The.Sbrea  flow  unseen. 

And  ODe  shook  strikes  a  thousand  combinaUons. 

Now  it  is  clear  that  if  by  any  means  we  could  succeed,  aa 
the  above  American  profesised  to  have  done,  by  mechanical 
tbreeB,  to  excite  chemical,  electrical,  or  other  natural  pro* 
cesses,  which,  by  any  circuit  whatever,  and  without  altering 
permanently  the  active  masses  in  the  machiae,  c^uld  produce 
mechanical  force  in  greater  quantity  than  that  at  first  applied, 
a  portion  of  the  work  thus  gained  might  be  made  use  of  to 
keep  the  machine  in  motion,  while  the  rest  of  the  work  might 
be  applied  to  any  oilier  purpose  whatever.  The  problem 
was,  to  Gad  in  the  complicated  net  of  reciprocal  actions,  a 
track  throngh  chemical,  electrical,  magnetical,  and  thermic 
processes,  back  to  mecbanical  actions,  which  might  be  followed 
with  a  finol  gain  of  mcchooical  work  ;  thus  would  the  porpet- 
ual  molioo  be  found. 

But,  worued  by  the  futility  of  former  expcrimcntfl,  the 
public  had  become  wiser.  On  the  whole,  people  did  not  seek 
much  aAcr  combinations  which  promised  to  tiimish  a  perpetual 
motion,  but  the  question  was  inverted.  It  was  no  more 
asked.  How  can  I  make  use  of  the  known  and  unknown  rela- 
tions of  natural  forces  so  as  to  construct  a  perpetual  motion? 
bat  it  was  asked,  If  a  perpetual  motion  be  impossible,  what 
are  the  relations  which  muet  subabt  between  natural  forces? 
Everything  was  gained  by  this  inversion  of  the  question. 
The  relations  of  natural  forces  rendered  necessary  by  the 
above  assumption,  might  bo  easily  and  completely  stated.  It 
was  found  that  all  known  relations  of  force  harmonize  wiih 

K consequences  of  that  assumption,  and  a  series  of  unknown 
tiona  were  discovered  at  the  same  time,  the  correctness  of 
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whioh  remained  to  be  proved.    If  a  smgU  one  of  Hmdi  eeidd 
be  preyed  false,  then  a  perpetual  mtrtion  wmikl  be  poeaible* 

The  first  who  endeavoured  to  travel  this  way  was  a  Frencii- 
man,  named  Camot,  in  the  year  1824.  In  spite  of  a  too 
limited  conception  of  his  subject,  and  an  incorrect  view  as  to 
the  nature  of  heat,  which  led  him  to  some  erroneoas  condii- 
sions,  his  experiment  was  not  quite  unsuccessful.  He  dis- 
covered a  law  which  now  bears  his  name,  and  to  which  I  will 
return  Airther  on. 

His  labors  remained  for  a  long  time  without  notice,  and  it 
was  not  till  eighteen  years  afterwards,  that  is,  in  1842,  that 
different  investigators  in  different  countries,  and  independent 
of  Camot,  laid  hold  of  the  same  thought. 

The  first  who  saw  truly  the  general  law  here  referred  to, 
and  expressed  it  correctly,  was  a  German  physician,  J.  B. 
Mayer,  of  Heilbronn,  in  the  year  1842.  A  little  later,  in 
1843,  a  Dane,  named  Colding,  presented  a  memoir  to  the 
Academy  of  Copenhagen,  in  which  the  same  law  found  utter* 
ance,  and  some  experiments  were  described  for  its  further 
corroboration.  In  England,  Joule  began  about  the  same  time 
to  make  experiments  having  reference  to  the  same  subject. 
We  oflen  find,  in  the  case  of  questions  to  the  solution  of 
which  the  development  of  science  points,  that  several  heads, 
quite  independent  of  each  other,  generate  exactly  the  same 
series  of  reflections. 

I  myself,  without  being  acquainted  with  either  Mayer  or 
Colding,  and  having  first  made  the  acquaintance  of  Joule's 
experiments  at  the  end  of  my.investigation,  followed  the  same 
path.  I  endeavoured  to  ascertain  all  the  relations  betw^sn  the 
different  natural  processes,  which  followed  from  our  regarding 
them  from  the  above  point  of  view.  My  inquiry  was  nuide 
public  in  1847,  in  a  small  pamphlet  bearing  the  title,  *^  On 
the  Conservation  of  Force." 

Since  that  time  the  interest  of  the  scientific  public  for  this 
subject  has  gradually  augmented.     A  great  number  of  the 
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«sseatial  conseqnecces  of  the  above  tn&nner  of  viening  ihe 
Bubjed,  tbo  proof  of  wluch  was  wanting  when  llie  firal 
theoretic  notioDS  were  published,  have  sioce  been  confirmed 
bj  eiperiment,  particularly  by  those  of  Joule ;  and  during 
the  last  j-ear  the  moat  eminent  physicist  of  Franco,  Rcgnault, 
has  adopted  the  new  mode  regarding  the  question,  and  by 
freah  ioveatigations  on  the  specific  heat  of  gases  has  cootri- 
bated  much  to  its  support.  For  somo  important  consequences 
llie  esperimental  proof  is  still  wanting,  but  the  number  of 
confirmations  is  so  predominant,  that  I  have  not  deemed  it 
too  early  to  bring  the  subject  before  even  a  non-scientifio 
audience. 

How  the  question  has  been  decided  you  may  already  infer 
from  what  has  been  stated.  In  the  scries  of  natural  processes 
there  is  no  circuit  to  be  found,  by  which  mechanical  force  can 
be  gained  without  a  corresponding  consumption.  The  per- 
petual motion  remains  impossible.  Our  reflections,  however, 
gain  thereby  a  higher  interest. 

We  hare  thus  far  regarded  the  development  of  force  by 
nainral  processes,  only  in  its  relation  to  its  usefulness  to  man, 
as  mechanical  tbrce.  You  now  see  that  we  have  arrived  at  a 
general  law,  which  holds  good  wholly  independent  of  the 
application  which  man  makes  of  natural  forces ;  we  must 
therefore  make  the  expression  of  our  new  law  correspond  to 
ttuB  more  general  significance.  It  ia  in  the  first  place  clear, 
that  the  work  which,  by  any  natural  process  whatever,  is  per» 
formed  under  favourable  conditions  by  a  machine,  and  which 
may  be  measured  in  the  way  already  indicated,  may  be  used 
09  A  measure  of  force  common  to  all.  Further,  the  impor- 
tant question  arises,  "  If  the  quantity  of  force  cannot  be  aug- 
mented except  by  corresponding  consumption,  can  it  be 
diminished  or  lost?  For  the  purpose  of  our  machines  it  cer- 
tainly can,  if  we  neglect  the  opporttmity  to  convert  natural 
processes  to  use,  but  as  investigation  has  proved,  not  for  a 
nature  as  a  whole." 
10» 


Jri 


Li  the  ooDiBioQ  and  fiiefekm  of  bodiflt  agrinit 
iSbtb  medianics  of  former  jears  aasonied  rimplj  fliai  Thm§ 
foroe  was  lost.  But  I  have  already  stated  that  eadi  *w*iM«Sf^ 
and  eadi  act  of  frktioii  generates  lieat;  and,  moireoiver,  Joi|la 
bas  estabUshed  by  experiment  the  important  law,  that  for 
every  foot-poimd  of  foroe  whi<£  is  lost,  a  definite  qnaoiity  of  ' 
heat  is  always  generated,  and  that  when  work  is  peifoiniad 
by  the  consonqption  of  heat,  for  each  foot-pound  thns  gained  a 
definite  quantity  of  heat  disappears.  Hie  quantitj  of  heat 
necessary  to  raise  the  temperature  of  a  pound  of  water  a  de» 
gree  of  the  centigrade  thermometer,  corresponds  to  a  ^iwriiimi' 
cal  force  by  which  a  pound  wei|^  would  be  raised  to  the  • 
height  of  1850  feet ;  we  name  this  quantity  the  wmm^mji^ 
equivalent  of  heat.  I  may  mention  here  that  these  fiusts  oon- 
duct of. necessityto  the  conclusion,  that  the  heat  is  not, as 
was  formerly  imagined,  a  fine  imponderable  substance,  but 
that,  like  light,  it  is  a  peculiar  shivering  motion  of  the  ulti- 
mate particles  of  bodies.  In  collision  and  friction,  acoordiog 
to  this  manner  of  viewing  the  subject,  the  motion  of  the  mass 
of  a  body  which  is  apparently  lost  is  converted  into  a  motion 
of  the  ultimate  particles  of  the  body ;  and  conversely,  when 
mechanical  force  is  generated  by  heat,  the  motion  of  the  ulti- 
mate particles  is  inverted  into  a  motion  of  the  mass. 

Chemical  combinations  generate  heat,  and  the  quantity  of 
this  heat  is  totally  independent  of  the  time  and  steps  throng 
which  the  combination  has  been  effected,  provided  that  other 
actions  are  not  at  the  same  time  brought  into  play.  If,  however, 
mechanical  work  is  at  the  same  time  accomplished,  as  in  the 
case  of  the  steam  engine,  we  obtain  as  much  less  heat  as  is 
Equivalent  to  this  work.  The  quantity  of  work  produced  hy 
chemical  'force  is  in  general  very  great.  A  pound  of  the 
purest  coal  gives,  when  burnt,  sufficient  heat  to  raise  the  tem- 
perature of  8086  pounds  of  water  one  degree  of  the  centi- 
grade thermometer ;  from  this  we  can  calculate  that  the  mag^ 
nitude  of  the  chemical  force  of  attraction  between  the  partt 
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a  pormd  of  cotil  and  the  quantity  of  oxygen  that  corre- 
^onds  to  it,  is  capable  of  lifting  a  weiglit  of  one  handred 
pounds  tit  a  height  of  twenty  milea.  Unfortunately,  in  oar 
steam  enjrines^  we  have  hitherto  been  able  to  gain  only  the 
smallest  portion  of  this  work ;  the  greater  part  is  lost  in  the 
ebape  of  beat.  The  beat  expansive  engines  give  hack  as 
niecha  iii<.'al  work  only  eighteen  per  cent,  of  the  heat  generated 
by  the  fuel. 

From  a  similar  investigation  of  all  the  other  known  physi- 
cal and  chemicol  proceflBes,  we  arrive  at  the  conclusion  that 
Natttre  aa  a  whole  possesses  a  store  of  force  which  cannot  in 
any  way  be  either  increased  or  diminished.  Aad  that,  there- 
fore, the  qnantity  of  force  in  nature  is  just  as  eternal  and 
nnalterable  as  the  quantity  of  matter.  Elxpressed  in  thia  form, 
I  have  named  the  general  law  "  The  Frineiple  of  the  Conser- 
vation of  Force." 

We  cannot  create  mechanical  force,  but  we  may  help  our- 
selves from  the  general  store-house  of  Nature.  The  brook 
and  the  wind,  which  drive  our  mills,  the  forest  and  (he  coal- 
bed,  which  supply  our  steam  engines  and  worm  our  rooms, 
are  to  us  the  bearers  of  a  small  portion  of  the  great  naturul 
supply  which  we  draw  upon  for  our  purposes,  and  the  actions 
of  which  we  can  apply  aa  we  think  fit.  The  possessor  of  a 
mill  claims  the  gravity  of  the  descending  rivulel,  or  the  hving 
force  of  the  moving  wind,  as  his  possesaion.  These  por- 
tions of  the  store  of  Nature  are  what  give  his  property  ita 
chief  value. 

Farther,  from  the  fact  that  no  portion  of  force  can  bo 
abeoltttely  lost,  it  does  not  follow  that  a  portion  loay  not  be 
inapplicable  lo  huoian  purposes.  In  this  respect  the  infer- 
ences drawn  by  William  Thomson  from  the  law  of  Camot 
are  of  importance.  This  law,  which  was  discovered  by  Car- 
t  during  bis  endeavours  to  ascertain  the  relations  between 
1  mechanical  force,  which,  however,  by  no  means 
I  to  the  necessary  consequences  of  the  conservation  of 


WMfOf  ttud  wliidi  OtasnB  ivhi  Am-  sink  to  ■kmB^'iii  ^nrikt 
flHamer  that  it  no  longer  eonlndietfld  ihm  above  gittHtLlnr, 
CB^pffVBBQB  a  certain  relatioii  between  vn  ooaDi|Keerih&ii^f 'tke 
capaeiljfolieatfandtheezpanflionbjbeatofanbQdMi.  B 
Is  iiot  jet  conflidered  as  aetnaDy  piQifed,  bnt  aoone  noiaflaM 
deductions  baring  been  drawn  from  it,  and  afterwaide  paoved 
to  be  &cl8  bj  experiment,  it  baa  attained  tlienibja  gmil 
degree  of  probabili^.  Besidee  the  mathematical  fima  ia 
which  the  law  was  first  expfessed  bj  Oamot,  we  eaa  gife  it 
iSbtb  following  moie  general  erpressinin :— ^*  Only  when^beat 
passes  from  a  wanner  to  a  colder  bodb^,  and  even  tbati  calf 
partially,  can  it  be  converted  into  mechanical  work/' 

The  heat  of  a  bodb^  which  we  cannot  cool  ftstiber,  eanaot 
be  dianged  into  another  finrmof  force;  into  the  eiaotrie  or 
diemical  force,  for  exampku  Thus,  in  oar  steam  engines, 
we  conTert  a  portion  of  the  heat  of  the  glowing  coal  into 
work,  by  permitting  it  to  pass  to  the  less  warm  watsr  of  the 
boiler.  If,  however,  aU  the  bodies  in  natore  had  the  same 
temperature,  it  would  be  impossible  to  convert  any  porlioa  of 
their  heat  into  medianical  work.  According  to  this,  we  can 
divide  the  total  force  store  of  the  nniverse  into  two  parts,  one 
of  which  is  heat,  and  must  continae  to  be  soch ;  the  other,  to 
which  a  portion  of  the  heat  of  the  warmer-  bodies,  and  the 
total  sopjA J  of  chemical,  mechanical,  electrical,  and  magnet^ 
cal  £oirces  belong,  is  capable  of  the  most  varied  ehangea  ci 
form,  and  constitutes  the  whole  Vealth  of  diange  which  takes 
place  in  nature. 

Bat  the  heat  of  the  warmer  bodies  strives  perpetually  to 
pass  to  bodies  less  warm  by  ndidon  and  condnction,  and  thus 
to  establish  an  eqoilibriam  of  tenfperatnre.  At  eadi  motum 
of  a  terrestrial  body,  a  portion  of  medianical  force  passes  by 
friction  or  collision  into  heat,  of  whidb  only  a  part  can  be 
converted  bad^  again  into  mechanical  force.  This  is  also 
generally  the  case  in  every  electrical  and  chemieal  proossb 
From  tUs,  it  follows  that  the  first  portkm  of  the  sine  of  ivesi 
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B  nncliaii^eablo  heat,  is  nugmented  by  every  natural  pro- 
,  'while  the  second  portion,  mechftnical,  electrical,  and 
diemical  force,  must  be  diminished;  so  that  if  the  Tmivorse 
be  delivered  over  to  the  undisturbed  aciion  of  ils  physical  pro 
oeaees,  all  force  will  ilaaUy  pass  into  the  form  of  beat,  and  all 
beat  come  into  a  state  of  equilibriiun.  Then  all  possibility  of 
a  tiirther  change  would  be  at  an  end,  and  the  complete  cessa- 
tion of  all  natural  proccBses  must  set  in.  The  life  of  men, 
Knimals,  aud  plants,  could  not  of  course  continue  if  the  son 
had  lost  its  high  temperature,  and  with  it  hia  light, — if  all  the 
components  of  Ihe  earth's  surface  had  closed  those  combine^ 
tions  which  their  affinities  demand.  In  short,  the  universe 
from  that  time  forward  would  be  condemned  to  a  state  of 
ctemsJ  rest. 

I  consequences  of  the  law  of  Camot  are,  of  course, 
nly  valid,  provided  tliatthe  law,  when  sufficiently  tested, 
aally  correct,  la  the  mean  time  there  is 
)  prospect  of  the  law  being  proved  incorrect.  At  all 
B  we  must  admire  the  sagacity  of  Thomson,  who,  in  tlie 
B  of  a  long  known  little  mathematical  formula,  which 
only  speaks  of  the  heat,  volume,  and  pressure  of  bodies, 
iras  able  to  discern  consequences  which  threatened  the  uni- 
verse, though  certainly  after  an  infinite  period  of  time,  with 
Internal  death. 
f  I  have  already  given  you  notice  that  our  path  lay  through 
It  thorny  and  unrcfreshing  field  of  malhematlco-mcchanical 
ifcvelopments.  We  hare  now  left  this  portion  of  our  road 
behind  us.  The  general  principle  which  I  have  sought  to  lay 
before  yon  has  conducted  us  lo  a  point  from  which  our  view 
ii  a  wide  one,  and,  aided  by  this  principle,  we  can  now  at 
pleaMire  regard  this  or  the  other  aide  of  the  surrounding 
world,  according  as  our  interest  in  the  matter  leads  us.  A 
^ance  into  the  narrow  laboratory  of  the  physicist,  with  its 

E appliances  and  complicated  abstractions,  will  not  be  so 
ive  aa  a  glance  at  the  wide  heaven  above  us,  the  clouds, 
-. : ■ 
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fiJlfroni  6Ip 


with  irlddi  we  an 
fed  no  wenaplft  in  granting 
alltemfltrinl  natoral  procoBKM 
are  snbjcct.  sre  nko  Tsfid  lor  other  bo£es  than  the  earth, 
therefore,  Bake  nse  of  oar  law  to  glance  oter  the 
ot'  die  uniieiae  wi&  reepeci  to  the  store  of  fiiroe, 
^nBaoie  ok  acuoo*  vmcn  b  noBeeaae^ 


A  nmabcr  of  "y^**"  pccnliaritiee  in  the  stnicture  of  our 
icm  indicate  Aat  it  was  once  a  connected  maat 
wiihaaniforianMCionof  rotatkm.  Witiioat  sndi  an  aesomp- 
it  »  impoaBihle  to  explain  win*  aU  the  phmets  move  in  the 
diiectioo  Toond  the  son,  whj  thej  aU  rotate  in  the  same 
diiection  lovmdtiidr  axes,  wfajtiie  planes  of  diflir  orbits,  and 
Aose  of  their  satdlitcs  and  rings  aU  nearl;f  coincide,  why  all 
their  orliits  diilcr  bat  little  from  drcks,  and  nnich  besides. 
fVoaa  these  remaining  indicatioDS  of  a  former  state,  astrono- 
mers haTe  shaped  an  h jpothesis  regarding  the  formation  of 
oar  planetaiT  system,  which,  altiioa^  from  the  nature  of  the 
case  it  most  erer  remain  an  hypothesis,  still  in  its  special 
traits  is  so  well  supported  by  analogy,  that  it  certainly  ds- 
serres  oar  attentioa.  It  was  Kant,  who,  foeling  great  inter- 
est in  the  physical  di)eiii|>tkwi  of  the  earth  and  the  planeluy 
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iViWia,  undertook  the  labour  of  studying  the  works  of  New- 
ton, and  as  ao  evidence  of  the  depth  to  which  he  had  pene- 
trated into  tlie  fundamental  idcoa  of  Newton,  st'ized  the  ootioa 
that  the  eaxce  attractive  force  of  all  ponderable  matter  which 
DOW  supports  the  motion  of  thu  planela,  must  also  aforetime 
have  been  able  to  form  from  matter  loosely  scattered  in  space 
the  planetary  system.  Afterwards,  and  independent  of  Kant, 
Laplace,  the  great  author  of  the  Meeaniqtie  Cilute,  laid  hold 
of  the  same  thou^I,  and  introduced  it  among  OBtronomers. 

The  commencement  of  our  planetary  system,  including 
the  son,  must,  according  to  this,  bo  regarded  as  an  immense 
nebulous  mass  which  filled  the  portion  of  space  which  is  now 
occupied  by  our  eystem,  for  beyond  tlie  hmlts  of  Neptune, 
our  most  distant  planet.  Even  now  we  perhaps  see  similar 
mosaes  in  the  distant  regions  of  the  firmament,  as  patches  of 
nebols,  and  nebulous  stars  ;  within  our  system  also,  comets, 
the  Bodiacal  light,  the  corona  of  the  sun  during  a  total  eclipse, 
exhibit  rcmnanls  of  a  nebulous  substance,  which  is  so  thia 
that  the  light  of  the  stars  passes  through  it  unenfeebled  and 
mu^fracted.  If  ^'e  calculate  the  density  of  the  mass  of  our 
planetary  system,  according  to  the  above  assumption,  for  the 
time  when  it  was  a  nebulous  sphere,  which  reached  to  the 
path  of  the  outmost  planet,  we  should  find  that  it  would 
require  several  cubic  miles  of  such  matter  to  weigh  a  single 
grain. 

The  general  attractive  force  of  all  matter  must,  however, 
impel  these  masses  to  approach  each  other,  and  to  condense, 
so  that  the  nebulous  spliero  became  incessantly  smaller,  by 
which,  according  to  mechanical  laws,  a  motion  of  rolalioa 
originally  slow,  and  the  existence  of  which  must  be  assumed, 
would  gradually  become  quicker  and  quicker.  By  the  cen- 
trifugal force  which  must  act  most  energetically  in  the  neigh- 
bourhood of  the  equator  of  the  nebulous  sphere,  masses 
r&om  time  to  time  be  torn  away,  which  afterwards  would 
ue  their  courses  separate  &om  the  main  mass,  fonoing 


IRTSBACmOV  OF  VATITEAL  lOECIWU 

thsmselTes  into  Bingle  pknets,  or,  omilar  to  the  gnat  origpii 
jkil  sphere,  into  planets  with  satellites  and  rings,  untU  finafif 
the  principal  mass  condensed  itself  into  the  son*  "Wilii 
regard  to  the  origin  of  heat  and  light,  this  view  gives  ns  no 
information. 

When  the  nebnlous  chaos  first  separated  itself  from  other 
fixed  star  masses,  it  mnst  not  only  have  contained  all  kinds 
of  matter  which  was  to  constitute  the  fntnre  planetary  sys- 
tem, bat  also,  in  accordance  with  our  new  law,  the  whok 
store  of  force  which  at  one  time  mnst  unfold  therein  its  wealth 
of  actions.  Indeed  in  this  respect  an  immense  dower  was 
bestowed  in  the  shape  of  the  general  attraction  of  all  the  par* 
tides  for  each  other.  This  force,  which  on  the  earth  exerts 
itself  as  gravity,  acts  in  the  heavenly  spaces  as  gravitation* 
As  terrestrial  gravity  when  it  draws  a  weight  'downwards 
performs  work  and  generates  vis  vtva,  so  also  the  heavenly 
bodies  do  the  same  when  they  draw  two  portions  of  matter 
from  distant  regions  of  space  towards  each  other. 

The  chemical  forces  must  have  been  also  present,  ready 
to  act ;  but  as  these  forces  can  only  con^e  into  operation 
by  the  most  intimate  contact  of  the  different  masses,  con- 
densation  must  have  taken  place  before  the  play  of  chemictl 
forces  began. 

Whether  a  still  further  supply  of  force  in  the  shape  of 
heat  was  present  at  the  commencement  we  do  not  know.  At 
all  'events,  by  aid  of  the  law  of  the  equivalence  of  heat  and 
work,  we  find  in  the  mechanical  forces,  existing  at  the  time 
to  which  we  refer,  such  a  rich  source  of  heat  and  light,  that 
there  is  no  necessity  whatever  to  teke  refuge  in  the  idea  of  a 
store  of  these  forces  originally  existing.  When  through  con- 
densation of  the  masses  their  particles  came  into  collision, 
and  clung  to  each  other,  the  vis  viva  of  their  motion  would  be 
thereby  annihilated,  and  must  reappear  as  heat.  Already  in 
old  theories,  it  has  been  calculated,  that  cosmical  masses  must 
generate  heat  by  their  collision,  but  it  was  far  firom  aojpodfs 
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thoQghl,  to  make  cren  a  gaesa  at  Ihe  amonnt  of  heat  lo  be 
generated  in  Ihia  way.  At  present  we  can  give  definita 
Domerical  ralaes  with  certainty. 

Let  us  make  this  addition  lo  oar  assnmption  ;  that,  at  th« 
commencement,  the  density  of  the  nebulous  matter  was  a  ran- 
islung  quantity,  as  compared  with  the  present  density  of  the 
sun  and  phmets ;  we  can  then  calculate  how  much  work  hae 
been  performed  by  the  condensation  ;  we  can  fnnher  calcu- 
late how  much  of  this  work  still  exisU  in  the  form  of-mechani- 
cal  force,  as  attraction  of  the  planets  towards  the  sun.  and  as 
i^  viva  of  their  motion,  and  find,  by  this,  how  much  of  ibe 
force  has  been  converted  into  heat. 

The  result  of  this  calculation  is,  thai  only  about  the  454tli 
part  of  the  original  mechanical  force  remains  as  such,  and 
that  the  remainder,  converted  into  heat,  would  be  sufficient  to 
raise  a  mass  of  water  equal  lo  the  son  and  phmels  taken  to- 
gether, not  less  than  twenty-eight  millions  of  degrees  of  the 
centigrade  scale.  For  the  sake  of  comparison,  I  will  mention 
that  the  highest  temperature  which  we  cau  produce  by  the 
oiyhydrogeu  blowpipe,  which  is  gnfficieut  lo  fuse  and  vapor- 
ize eveu  platina,  and  which  but  few  bodies  can  endure,  is 
estimated  at  about  two  thousand  centigrade  degrees.  Of  the 
action  of  a  temperature  of  twenty-eight  millions  of  such  de- 
grees we  can  form  no  notion.  If  the  mass  of  our  entire  sys- 
tem were  pure  coat,  by  the  combustion  of  the  whole  of  it  only 
the  S500th  part  of  the  above  quantity  would  be  generated, 
This  is  also  clear,  that  such  a  development  of  heat  must  have 
presented  the  greatest  obstacle,  to  the  speedy  union  of  the 
roaaees,  that  the  larger  part  of  the  heat  must  hove  been 
diSiiaed  by  radiation  into  space,  before  the  masses  could  form 
bodies  possessing  the  present  density  of  tlic  snn  and  planets, 
and  that  these  bodies  must  once  have  been  in  a  state  of  fiery 
fluidity.  This  notion  is  corrobornled  by  the  geological  phe- 
nomena of  our  planet ;  and  with  regard  to  the  other  planetary 
bodias,  the  flattened  form  of  the  sphere,  which  is  the  form  of 
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eqanibriam  of  a  fltiid  mass,  is  indicative  of  a  former  state  of 
fluidity.  If  1  ihtiB  permit  an  immense  quantity  of  heat 
to  disappear  without  compeosatioa  from  onr  system,  the 
principle  of  the  conservation  of  force  is  not  thereby  iiiTaded. 
Certainly  for  onr  planet  it  b  lost,  but  not  for  the  anirerge. 
It  bail  proceeded  outwards,  and  daily  proceeds  ontwarda  into 
infinite  space  ;  and  we  know  not  whether  the  mediom  which 
transmits  the  ondulations  of  light  and  heat  possesses  an  end 
where  the  rays  mnst  return,  or  whether  they  eternally  purvu^ 
their  way  through  infinitude. 

The  store  of  force  at  present  poasessed  by  our  system,  is 
also  equivalent  to  immense  quantities  of  heat.  If  our  earth 
were  hy  a  sudden  shock  brought  to  rest  on  her  orbit — which 
is  not  to  be  feared  in  the  existing  arrangements  of  our  syalem 
— by  such  a  shock  a  quantity  of  heat  would  be  generated 
equal  to  that  produced  by  the  combustion  of  fourteen  such 
earths  of  solid  coal.  Making  the  most  unfavourable  assump- 
tion as  to  its  capacity  for  heat,  that  is,  placing  it  equal  to  that 
of  water,  the  mass  of  the  earth  woold  thereby  be  heated  11,200 
degrees  ;  it  would  therefore  be  quite  tiised  and  for  the  most 
part  reduced  to  vapour.  If,  then,  the  earth,  after  having  been 
thus  brought  to  rest,  should  full  into  the  sun,  which  of  course 
would  be  the  case,  the  quantity  of  heat  developed  by  the  shock 
would  be  four  hundred  times  greater. 

Even  now,  from  time  to  time,  such  a  process  is  repeated 
on  a  small  scale.  There  can  hardly  ho  a  doubl  that  meteors, 
fire-balls,  and  meteoric  stones,  are  masses  which  belong  to 
the  universe,  and  before  comjng  into  the  domain  of  our  earth, 
moved  like  the  planets  round  the  sun.  Only  when  they  enter 
our  atmosphere  do  they  become  visible  and  fail  sometimes  to 
the  earth.  In  order  to  explain  the  emission  of  light  by 
these  bodies,  and  the  fact  that  for  some  time  after  their 
descent  they  are  very  hot,  the  friction  was  long  ago  thought 
of  which  they  experience  iu  passing  through  the  air.  We 
can  now  calculate  that  a  velocity  of   3000  feet  &  ae^ond, 
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^  th«  ^irhole  of  the  friction  to  be  expended  in  heating 
fta  ioUd  mass,  would  raise  a  piece  of  meteoric  iron  1000°  C. 
IB  temperatore,  or,  in  other  words,  to  a  vivid  red  heat.  Now 
the  average  velocity  of  the  meteors  seema  to  be  thirty  or  forty 
timet  the  aboTe  amonnt.  To  compensate  this,  however,  the 
greater  portion  of  the  heat  is,  doubtless,  carried  away  by  the 
oondensed  roosB  of  air  which  the  meteor  drives  before  it.  It 
11  kDown  that  hrifcht  meteors  generally  leave  a  luminous  trail 
behind  them,  which  probably  consists  of  several  portions  of 
the  red-hot  surfaces.  Meteoric  masses  which  fall  to  the  earth 
often  borst  witli  a  violent  explosion,  which  may  be  regarded 
■a  n  resnlt  of  the  quick  heating.  The  newly-fallen  pieces 
hare  been  for  the  most  part  found  hot,  but  not  red-hot,  which 
ia  essQy  explainable  by  the  circumstance,  that  daring  the 
short  time  occupied  by  the  meteor  in  passing  through  the 
atntoephere,  only  a  thin,  superficial  layer  is  liented  to  redness, 
while  bat  a  small  quantity  of  heat  has  been  able  to  penetrate 
to  the  interior  of  the  mass.  For  this  reason  the  red  heat  can 
speedily  disappear. 

Thus-haa  the  falling  of  the  meteoric  stone,  the  minute 
teranant  of  processes  which  seems  to  have  played  an  impor- 
tant part  in  the  formation  of  tbe  heavenly  bodies,  conducted 
na  to  the  present  time,  where  we  pass  from  the  dnrkneas  of 
hypothetical  views  to  the  brightness  of  knowledge.  In  what 
we  have  said,  however,  all  that  is  hypothetical  is  the  assump- 
tion of  Kant  and  Laplace,  that  the  masses  of  our  system  were 
once  distributed  aa  nebuls;  in  space. 

On  aecotmt  of  the  rarity  of  the  case,  we  will  still  further 
remark,  in  what  close  coincidence  the  reaulta  of  science  here 
stand  with  the  earlier  legenda  of  the  human  family,  and  the 
forebodings  of  poetic  fancy.  The  cosmogony  of  ancient  na- 
Uons  generally  commences  with  chaos  and  darkness. 

Neither  is  the  Mosaic  tradition  very  divergent,  particu- 
larly when  we  remember  that  that  which  Moses  names  hearon 
is  diflereat  from  the  blue  dome  above  us,  and  is  aynonymoos 


L 
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irith  Bpftc«^  and  Ihat  the  onformed  earth,  and  the  waters  of, 
the  great  deep,  which  were  afterwards  divided  ialo  watery, 
above  the  firmament,  and  waters  below  the  firmament,  re 
bled  the  chaotic  componenls  of  the  world. 

Our  earth  bears  still  the  unmistakable  traces  of  its  old 
flexy  fluid  condition-  The  granite  formations  of  her  mooot 
tains  exhibit  a  stmctare,  which  can  only  be  produced  by  thi^  ■ 
dystallization  at  fused  masses.  Investigation  still  ehow^' 
that  the  temperature  in  mines,  and  borings,  iacreases  a 
descend ;  and  if  this  increase  is  uniform,  at  the  depth  of  fiftj^ 
milee,  a  heat  exists  sufficient  to  fuse  all  our  minerals.  Creo 
now  our  volcanoes  projecl,  from  time  to  time,  might;  massw, 
of  fused  rocks  from  their  interior,  as  a  testimony  of  the  heat^ 
which  exists  there.  But  the  cooled  crust  of  the  earth  t 
already  become  so  thick,  that,  as  may  be  shown  by  calcular-. 
lions  of  its  conductive  power,  the  heat  coming  to  the  surfac«, 
from  within,  in  comparison  with  that  reaching  the  earth  from- 
the  stm,  is  exceedingly  small,  and  increases  the  temperature 
of  the  surface  only  about  one  thirtieth  of  a  degree  centigrade  ; 
80  that  the  remnant  of  the  old  store  of  force  which  is,onclosed 
as  heat  within  the  bowcb  of  the  earth,  has  a  sensible  influenca^ 
upon  the  processes  at  the  earth's  surface,  only  (hroogh  the, 
instrumentality  of  volcanic  phenomena.  Tkete  procetttt  otM, 
^  their  power  almott  tvhoUy  to  the  adion  of  other  heavenly  hodiei^_ 

^m  partictdarly  to  the  light  and  heat  of  the  tun,  and  partly  aito^^ 

^^  tn  the  ccue  of  the  tidea,  to  the  attraction  of  the  sun  and  mot 

^U  Most  varied  and  numerous  are  the  changes  which  wc  ow«j 

^m  to  the  light  and  heat  of  the  sun.     The  snn  heats  our  at 

^M  phere  irregularly,  the  warm  rarefied  air  ascends,  while  fr«slL, 

^M  cool  air  flows  from  the  sides  to  supply  its  place :  in  this  wa^^ 

H  winds  are  generated.     This  action  is  most  powerful  at  th» 

^1  equator,  the  warm  air  of  which  incessantly  flows  in  the  upper  h 

^B  regions  of  the  atmosphere  towards  the  poles:  while  just  83<i 

^K  persistently,  at  the  earth's  surface,  the  trade  wind  carries  neiT', 

^M  and  cool  air  to  the  equator.     Without  the  heat  of  the  Bun  bH 
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dmoed  by  the  —me  f—L  in  ti 
a  mmy  be  iafcTTed  bvm  the  '"^'~'*  i 
thcj  exert  spoa  iGmmIl.     Bv  A^  Oe 
AntiQeais  cvried  l< 
■  mild,  i: 

■™il«i-  cauMS,  tlM  AcMtngiDB  of  ike  Xtvtk  Pole  ii 
Ike  CM^  of  KewfimdM^  Hd  ponces  eoU.  Fnrtkcr,  b^ 
d>e  best  of  tfae'na,  >  peRiiM  «f  Aa  valtr  it  bbwtwwJ  nio 
TBpoor  whid  riMS  in  the  attao^iove,  is  CBwJfMii  to  doodft, 
cr  &Us  in  run  asd  now  ^os  the  tntk,  eallecta  mllw  fow 
of  epringB,  faoe^  aad  riven,  aad  fnaUr  re*elm  the  aem 
■gain,  after  banng  gnawed  the  rocb,  carried  awaj  the  ligbt 
earth,  and  thoa  peribnned  ila  pail  in  the  ge<dogic  diAogea  of 
die  esrth  ;  perfaapa,  beaadea  aD  this  it  has  driven  our  water- 
mill  Qpon  tis  war.  ff  the  heat  of  Ibe  son  were  withdrawn, 
there  would  remain  miij  a  nn^  motion  of  water,  namelf , 
the  tides,  which  are  produced  by  the  attraction  of  the  sun  and 

How  is  it,  now,  with  the  motions  and  (he  work  of  organic  '- 
beinga.  To  the  bntlders  of  the  automata  of  the  I&st  century, 
men  and  animals  speared  as  clockwork  which  wa«  never 
wottnd  np,  and  created  the  force  which  they  exerted  out  of 
nothing.  They  did  not  know  how  (o  establish  a  connection 
between  the  nutriment  consiuned  and  the  work  generated. 
Since,  however,  we  have  learned  lo  discern  in  the  steam-en- 
gine this  origin  of  mechaoical  force,  we  must  inquire  whether 
Bomething  similar  does  not  hold  good  with  regard  to  men.  In- 
deed, the  continuation  of  life  is  dependent  on  the  consumption 
of  nutritive  materials  :  these  are  combustible  Bubalanccs,  which, 
after  digestion  and  being  passed  into  the  blood,  actually  u^dt^^• 
go  a  slow  combuBtion,  and  finally  enter  into  almost  the  siune 
combinations  with  (he  oxygen  of  the  atmosphere  (hat  are  pro- 
duced in  an  open  fire.  As  the  quantity  of  heat  generated  by 
n  is  independent  of  the  duration  of  the  oombusUon  and 


iha  oonmined  nuitarial  haw  mnA  ^etl,  or  ibi  mtnifkii : 
11  thereby  geiier»tod  in  an  animil  bo^.  Unftrtnmrt^f^Ai 
diffioidly  of  the  eKj[)eriineiit>  is  BtiU  very  gipMl;9'1iafe.ififdl 
those  limits  of  eoeoneyirlucih]^ 

e^Mriments  show  that  the  heat  genented  in  the  aninMAhsJ^ 
correflponds  to  the  amount  whidi  woold  be  gensntod  hf  At 
chemical  processes*  llie  animal  body  therefittedoea  not  diihr 
finkm  the  steam-engine,  as  regards  the  manner  in  nUshit 
obtains  heat  and  force,  but  does  diffiar  from  it  in  iSbm  nttt* 
ner  in  which  the  force  gained  is  to  be^  made  nee  oL  Ihe 
body  is,  besides,  more  limited  than^  madnne  in  An  choies 
ofitsfoel;  the  latter  could  be  heated  with  sogaJr,  with  stawh 
flonr,  and  butter,  just  as  well  as  with  coal  or  wood;  thaan^ 
mal  body  mnstdissolTe  its  materials  artificialiy,  and  distribute 
them  through  its  syrtem ;  it  mnst,  forlher,  perpetoal^  renew 
the  nsed-np  materials  of  its  organs,  and  as  it  cannot  itself 
create  the  matter  necessary  for  this,  the  matter  mnst  come 
from  without.  Liebig  was  the  first  to  point  oat  these  vaiioos 
nses  of  the  consnmed  nutriment.  As  material  for  the  perpet- 
ual renewal  of  the  body,  it  seems  that  certain  <i<»flnFh»  alboml- 
nous  substances  which,  appear  in  plants,  and  form  the  duef 
mass  of  the  animal  body,  can  alone  be  used*  llieyfonnenlf 
a  portion  of  the  mass  of  nutriment  taken  daily ;  the  remain- 
der, sugar,  starch,  fat,  are  really  only  materials  for  wanning, 
and  are  perhaps  not  to  be  superseded  by  coal,  simply  because 
the  latter  does  not  permit  itself  to  be  dissolved. 

If,  then,  the  processes  in  the  animal  bod^  are  not  in  this 
respect  to  be  distinguished  from  inorganic  processes,  )hequm 
tion  arises,  whence  comes  the  nutriment  which  constitBtes 
the  source  of  the  body's  force?  The  answer  is,  ficm  the 
vegetable  kingdom ;  for  only  the  material  of  plants,  or  the 
flesh  of  plant-eating  auimals,  can  be  made  use  of  for  food. 
The  animals  which  live  on  plants  occupy  a  mean  positiinn 
between  carnivorous  animals,  in  whidi  we  leckoo  maBf  and 
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r^etsbles,  which  the  former  could  not  make  use  of  immedi* 
Ktelv  as  natrimeDt.     In  hay  and  grass  the  eame  nntritive  snb- 

Kces  are  present  as  in  meal  and  lloiir,  bnt  in  less  quantity, 
however,  the  digestive  organs  of  man  arc  not  in  a  condi* 
to  extract  the  small  qaantity  of  the  useful  from  the  great 
exceaa  of  the  insoluble,  tvo  submit,  in  the  first  place,  these 
Bubstances  to  the  powerful  digestion  of  the  oi,  permit  the 
nooriahment  to  store  itsell'  in  the  animal's  body,  in  order  in 
the  end  to  geia  it  for  ourselres  in  a  more  agreeable  and  use- 
ftil  form.  In  answer  lo  our  question,  therefore,  we  are  re- 
ferred to  the  vegetable  world.  Now  when  what  plants  take 
in  and  what  they  give  out  are  made  the  subjecta  of  investiga- 
tiou,  we  find  that  ihe  principal  port  of  the  former  conHiats  in 
(he  products  of  combustion  which  are  generated  by  the  aui- 
m&l.  They  take  the  consumed  carbon  given  olf  in  respira- 
tion,  as  carbonic  acid,  from  the  air,  the  consumed  hydrogen 
as  water,  the  nitrogen  in  its  simplest  and  closest  combination 
as  ammonia ;  and  from  these  materials,  with  the  OBsistonce 
of  email  ingredieuU  which  they  lake  from  the  soQ,  they  gen- 
erate anew  the  compound  combustible  substances,  albumen, 
sugar,  oil,  on  which  the  animal  subsists.  Here,  therefore,  is 
a  circuit  which  appears  to  be  a  perpetual  store  of  force. 
Plants  prepare  fuel  and  nutriment,  animals  consume  these, 
bum  them  slowly  in  their  lungs,  and  from  the  products  of 
combustion  the  plants  again  derive  their  nutriment.  The 
latter  is  an  eternal  source  of  chemical,  the  former  of  mechan- 
ical forces.  Would  not  the  combination  of  both  organic  king- 
ckyns  produce  the  perpetual  motion?  We  must  not  conclude 
,  hastily  :  further  inquiry  shows,  that  plants  are  capable  of  pro- 
ducing combustible  substances  only  when  they  are  under  the 
inflaence  of  the  sun.  A  portion  of  the  sun's  rays  exhibits  a 
remarkable  relation  to  chemical  forces, — it  can  produce  and 
destroy  chemical  combinations  ;  and  these  rays,  which  for  tbe 
most  part  ore  blue  or  violet,  ore  called  therefore  chemical 
rays.     Wo  make  use  of  their  action  in  the  production  of  pho* 
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tographfl*  Here  oompounds  of  BaWer  are  deoomposed  9AHm 
place  where  the  sun's  rays  strike  them.  The  same  rays  anB> 
power  in  the  green  leaves  of  plants  the  strong  chemical  affinitj 
of  the  carbon  of  the  carbonic  acid  for  oxygen,  give  back  the 
latter  free  to  the  atmosphere,  and  accumulate  the  other,  in 
combination  with  other  bodies,  as  woody  fibre,  starch,  ofl«  or 
resin.  These  chemically  active  rays  of  the  sun  disappear 
completely  as  soon  as  they  encounter  the  green  portions  of  the 
plants,  and  hence  it  is  that  in  daguerrotype  images  the  green 
leaves  of  plants  appear  uniformly  black.  Inasmudi  as  the 
light  coming  from  them  does  not  contain  the  chemical  rays,  it 
is  unable  to  act  upon  the  silver  compounds. 

Hence  a  certain  portion  of  force  disappears  firom  the  son- 
light,  while  combustible  substances  are  generated  and  aocomn- 
lated  in  plants ;  and  we  can  assume  it  as  veiy  probable,  that 
the  former  is  the  cause  of  the  latter.  I  must  indeed  remark, 
that  we  are  in  possession  of  no  experiments  from  which  we 
might  determine  whether  the  vis  viva  of  the  sun's  rays  which 
have  disappeared,  corresponds  to  the  chemical  forces  accumu- 
lated during  the  same  time ;  and  as  long  as  these  experiments 
are  wanting,  we  cannot  regard  the  stated  relation  as  a  cer- 
tainty. If  this  view  sliould  prove  correct,  we  derive  firom  it 
the  flattering  result,  that  all  force,  by  means  of  which  our  bodies 
live  and  move,  finds  its  source  in  the  purest  sunlight ;  and 
hence  wc  arc  all,  in  point  of  nobility,  not  behind  the  race  of  the 
great  monarch  of  China,  who  heretofore  alone  called  himself 
Son  of  the  Sun.  But  it  must  also  be  conceded  that  our  lower 
fellow-beings,  the  frog  and  leech,  share  the  same  ethereal 
origin,  as  also  the  whole  vegetable  world,  and  even  the  fuel 
which  comes  to  us  from  the  ages  past,  as  well  as  the  youngest 
offspring  of  the  forest  with  which  we  heat  our  stoves  and  set 
our  machines  in  motion. 

You  see,  then,  that  the  inmiense  wealth  of  ever-changing 
meteorological,  climatic,  geological,  and  organic  processes  of 
our  earth  are  almost  wholly  preserved  in  action  by  the  lig^ 
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and  heat-giring  rays  of  Uiq  sun  ;  and  yoa  see  in  this  a  re- 
markable example,  how  Froteus-like  the  eSecU  of  a  ain^ 
L-aiue,  uiuter  altered  external  conditions,  may  exhibit  itMlf  in 
naUiTC.  Besides  iheac,  the  earth  experiences  on  aciioa  of 
another  kind  from  ila  central  luminary,  as  -rrell  oa  from  its 
satellite  the  moon,  which  exhibits  itself  in  the  remarkable 
phenomenon  of  the  ebb  and  flow  of  the  tide. 

£ach  of  these  bodies  excites,  by  its  attraction  apon  the 
walerB  of  the  sea,  two  gigantic  waves,  which  flow  in  the  sams 
direction  round  the  world,  as  the  altfacting  bodies  themselves 
apparently  do.  The  two  waves  of  the  moon,  on  acconat  of 
her  greater  nearness,  arc  about  three  and  a  half  times  as  large 
as  those  excited  by  the  sua.  One  of  these  waves  has  its  oreet 
on  itaa  quarter  of  the  earth's  ourface  which  b  turned  towards 
the  moon,  the  other  is  at  the  opposite  side.  Both  these  quar^ 
tera  possess  the  flow  of  the  tide,  while  the  regions  which  lie 
between  have  the  ebb.  Although  in  the  open  sea  the  height 
of  the  tide  amounts  to  only  about  three  feet,  and  only  in  cer- 
tain narrow  channels,  where  the  moving  water  is  squeezed 
together,  rises  to  thirty  feet,  the  might  of  the  phenomena  is 
nevertheless  manifest  from  the  calculation  of  Sessel,  accord- 
ing to  which  a  quarter  of  the  earth  covered  by  the  sea  pos- 
sesses, during  the  flow  of  the  tide,  about  25,000  cubic  miles 
of  water  more  than  during  the  ebb,  and  that  therefore  such  a 
mass  of  water  must,  In  six  and  a  quarter  hours,  flow  firom 
one  quarter  of  the  earth  to  the  other. 

The  phenomcoa  of  the  ebb  and  flow,  as  already  recognized 
by  Mayer,  combined  with  the  law  of  the  conservation  of  foroe, 
stand  in  remarkable  connectiou  with  the  question  of  the  sta- 
bility of  our  planetary  system.  The  mechanical  theory  of  the 
planetary  motions  discovered  by  Newton  teaches,  that  if  a 
solid  body  in  absolute  vacuo,  attracted  by  the 
around  liim  in  the  same  manner  as  the  planets,  this  motion 

I,  endure  imchanged  through  all  eternity. 
Kow  ve  have  actually  not  only  one,  but  several  such 
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work,  die  HfoM- 
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be  abaoliitely  ooply ; 
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becnabkio  detect  any  ^etl^ 
c  occur  if  thej  mofyed  in  • 
a  ao^  ci  k»  maaa,  tbe  oomei  of 
li  jc  $ae&  a  aanre  :  this  eomet  de- 
xTZZii  :3fe!  iozi  v^:^  are  becoming  gradnaOy 
fr  sizii  :c  3&:c]cc  'v^^:h  certainlj  oamspcfodB 
&.  in^  ii.-*.  .^71  A  ri-«<cizsr  aa^rr-,  Se  actoallr  doe  to  the  ex« 
2u.■:^.«t  . :  sihjti  4  imclozzl.  &  tiae  v£I  come  when  tbe  comet 
^-Ll  sj-jk^  i:^  i^o  Aoi  &  szziltir' ead  tbreaiens  an  tbe  planets, 
Ajavu^i  i^^er  a  ::3».  ziti  jfxr^s.  cc  v^ieb  baffles  our  imagina- 
^^«:  -.  .-.cv^:."^  .£  X.  Bss  iTuc  sbc^aki  tbe  existence  of  a  re- 
ibd^  2^i:*4m  •A?cv«r  iL'ci^cfxI  7c  as.  tbere  is  no  donbt  tbat 
ii«  7ka.:ki^  lA  3CC  ^ticuj  .■vcpoMvi  of  solid  materials  wbidi 
A.'^:  .::2«v»r»^^  xoai  Tj^czier.     Sisns  of  tbe  existence  of  an 

,iur  j«ir--x  i.*:^  xi»a:&:«c>  a  £^id  portion  on  its  surfiM^i 
Aiivi  7^r<2d^  A  ftill  zTvai^r  p<>7tion  of  finid  witbin  it.  The 
»ccc^:f  .*k'  -^  uoMv  2cvvT<r.  produce  friction,  all  friction 
irjcrxv'^  -.w  .^..tr.  jLZ«i  ibe  k>»  in  tbx5  case  can  onlj  afiect  the 
«i»  -.^."jb  c-c  tlrxf  pijaz^&uj  msem.  We  come  tberebjto  tbe 
*,ij::.i^cAisft^de  ^x'Cv'T.fiKoa.  th*s  erexy  tide«  altbongb  witb  infinite 
^a'w^sktcWs  Kill  viib  iwrtainrr,  diminishes  tbe  store  of  mecfaani- 
<fld  icr\v  Ckf  ibe  ST«em :  and  as  a  canseqoence  of  this,  tbe  10- 


-c  ZAn  Sxa.  on  Venus.  Mars,  Jupi- 
cc  v:&»r  and  ice  npon  Mars ;  and 
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im  of  the  planela  in  question  roand  Iheir  axes  muBt  become 
ire  Blow  ;  ihey  must  therefore  approach  the  sun,  or  their 
ItcUites  must  approach  them.  What  length  of  time  must 
B8  before  the  length  of  our  Any  is  diminished  one  second  bj 
i  action  of  the  tide  cannot  be  calculated,  until  the  height 
e  of  the  tide  in  aU  portions  of  the  ocean  are  known. 
I  alteration,  honever,  takes  place  with  extreme  slowness, 
B  is  known  by  the  consequences  which  Laplace  has  deduced 
I  the  observations  of  Hipporchus,  according  to  which, 
g  a  period  of  2000  years,  the  dnmtion  of  the  day  haa 
it  been  shortened  by  the  one  three  hundredth  part  of  a  sec- 
id.  The  final  consequence  would  be.  but  after  millions  of 
I  the  mean  time  the  ocean  did  not  become  frozen, 
at  one  side  of  the  earth  would  be  constantly  turned  towards 
e  9un,  and  enjoy  a  perpetual  day,  whereas  the  opposite  aide 
ronld  be  involved  in  eternal  night.  Such  a  position  we 
«iTe  in  OUT  moon  with  regard  to  the  earth,  and  also  in  the 
e  of  the  satellites  as  regards  their  planets  ;  it  is,  perhaps, 
)  to  the  action  of  the  mighty  ebb  and  flow  to  which  these 
,  ia  the  time  of  their  fiery  fluid  condition,  were  sub- 
ect«d. 

I  would  not  have  brought  forward  these  conclusions,  which 
1  plunge  ns  in  the  most  distant  future,  if  they  were  not 
aaToidable.  Fhyaico-mechanical  laws  are,  as  it  were,  the 
eleacopes  of  our  spiritual  eye,  which  can  penetrate  into  the 
deepest  night  of  time,  past  and  to  come. 

Another  essential  question  as  regards  the  future  of  our 

UketAry  system  has  reference  to  its  future  temperature  and 

mination.     As  the  internal  heat  of  the  earth  has  but  little 

ince  on  the  temperature  of  the  surface,  the  heat  of  the 

a  the  only  thing  which  essentially  affects  the  question. 

e  quantity  of  heat  falling  from  the  sun  during  a  given  time 

D  a  given  portion  of  the  earth's  surface  may  be  measured, 

1  this  it  can  be  calculated  how  much  heat  in  a  given 

o  IB  sent  out  from  the  entire  sun.     Such  measurementa 
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bAve  been  m&de  hy  the  Frencb  phjsicist  Fouillet,  cad  it  hM 
been  foond  that  the  eon  gives  oat  a  qouilitj'  of  heat  per  hwtr 
equal  to  thai  which  a  lajer  of  the  densest  coal  ten  feet  thitit 
would  gif  e  oat  by  h&  combustion ;  and  hence  in  a  year  a 
qaaalitjr  equal  to  the  combustion  of  a  layer  of  seventeen  mileai. 
If  this  heat  were  drawn  uniformly  from  the  entiie  maae  of  Uia 
sun,  ita  temperature  would  (mly  be  diminished  thereby  onaaad 
one  third  of  a  degree  centigrade  per  year,  HMmming  its  c«pfr 
city  for  heal  to  be  equal  to  that  of  water.  These  resulta  can 
give  ns  oD  idea  of  the  magnitude  of  the  cmisuon,  in  lelatioa 
to  the  aurlftce  and  mass  of  the  enn ;  bat  they  cannot  inform 
OS  whether  the  sun  radiates  heat  as  a  glowing  body,  which 
BincB  ila  formation  has  its  heat  accumulated  within  it,  as 
whether  a  new  getteration  of  heat  by  chemical  proceM(» 
takes  place  at  the  sun's  surface.  At  all  events  the  law  of  tbp 
conservation  of  force  teachea  us  that  no  process  analogons-lpf 
those  known  at  the  surface  of  the  earth,  can  supply  for  etentMy- 
an  ineshaustible  ammiQt  of  light  and  heat  to  the  sun.  Bo^ 
the  same  law  also  leaches  that  the  store  of  force  at  preoHit 
existing,  aa  heat,  or  na  what  may  become  heat,  is  suEKcient  fiap 
inuncasurable  time.  With  regard  to  the  store  of  chemisil 
ibrce  in  the  sun,  we  can  form  no  conjecture,  and  the  atoia  of 
heat  there  existing  can  only  be  determiaed  by  very  unceitaia 
wtimntiuns.  B',  however,  we  adopt  Ike  very  probable  view, 
that  the  remarkably  small  denai^  of  so  large  a  body  is  caoaed 
t)y  ita  high  temperature,  and  may  become  greater  in  time,  il 
piay  be  calculated  that  if  the  diameter  of  the  sun  were  dimin- 
bhed  only  tlie  teu-tbousandlh  part  of  its  present  length,  by 
this  act  a  sulBcieat  quantity  of  heat  would  be  geoerttted  to 
cover  the  total  emission  for  2100  years.  Such  a  BmallchMg* 
besides  it  would  be  difScult  ta  detect  even  by  the  finest  aabM^ 
nomical  obBcrvBtions. 
L  Indeed,  from  the  commencement  of  the  period  dnriiig 
H  vhich  we  possess  historic  accounts,  that  is.  for  a  period  of 
■jtbout  4(XH}  years,  the  lemperatore  of  the  earth  hae  not  wna* 
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htj  cUnuniBhed.  From  these  old  ages  wc  liare  certaini/  no 
Aermamctric  obBervalione,  but  wc  have  inrormation  regaid- 
iag  the  diatribntion  of  certain  cultivated  plants,  the  vine,  tha 
oEve  t«e,  whii-h  are  very  Rcnsitive  fo  changes  of  the  mean 
nin"^'  temperature,  and  wa  find  that  these  plants  at  the  pres- 
tatt  iDOinent  have  the  same  limits  of  distribution  that  they  had 
in  tie  Umca  of  Abraham  and  ITomcr  ;  from  which  we  may  in- 
fer backwards  the  constancy  of  the  climate. 

In  oppnailion  to  this  it  has  been  urged,  that  here  in  Frnssia 
tbe  German  knighla  in  former  times  cultivated  the  vine, 
oellarcd  their  own  wine  and  drank  it,  which  is  no  longer  pos* 
able.  From  this  Uie  eoncluBion  haa  been  drawn,  that  the 
beat  of  our  climate  has  diminished  since  the  time  referred  to. 
A^vnst  this,  however,  Dove  haa  cited  the  reports  of  ancient 
chroniclers,  according  lo  which,  in  some  peculiarly  hot  years, 
tiM  Pmssian  grape  possessed  somewhat  less  than  its  tisoal 
qatxttilj  of  acid.  The  fact  also  speaks  not  so  much  for  tha 
climatfl  of  the  comitry  as  for  the  throats  of  the  German 
drinkers. 

Bnt  even  though  the  force  store  of  our  planetary  S3ntem 
is  BO  immeoeely  great,  that  by  the  incessant  emission  which 
has  occurred  during  the  period  of  homan  history  it  has  not 
been  aensibly  diminished,  even  though  the  length  of  the  time 
which  must  flow  by,  before  a  sensible  change  in  the  stale  of 
oar  planetary  system  occurs,  is  totally  incapable  of  measure- 
ment, still  the  inexorable  laws  of  mechanics  indicate  that  this 
store  of  force,  which  can  only  sufior  loss  and  not  gain,  must 
be  finally  exhausted.  Shall  we  terrify  ourselves  by  this 
thought?  lien  are  in  the  habit  of  measuring  the  greatness 
and  the  wisdom  of  the  univsrse  by  the  duration  and  the  profit 
which  it  promises  to  their  own  race  ;  but  the  past  history  of 
the  earth  already  shows  what  an  insignificant  moment  the 
duration  of  the  existence  of  our  race  upon  it  constitutes.  A 
NlneTeh  vessel,  a  Roman  sword  awakes  in  us  the  conceptioa 
of  grey  antiquity.     What  the  museums  of  Enrope  ehoir  lu  o 
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bttdL  to  a p«iod  10 ramote.    StilLimaaiib^immaimBmJmftu 
«iiiiad  te  agM,  aai  maltvlied  iliair  b^ 
XiiDSfVB  oowlw  MKfa  MMn  CBMStodL    W6  Mtmate  us  anBBBQPy 
oflnBMnkiilocyafceOOOjMni  Iwt  imnMnwiilih  as  fldt  <hMi 
mij  appear  to  as,  i^Mil  11  It  in  ooBi^pariKM  inth  Iba  time  te 
iii|(  wbidi  the  etidi  ceiiied  eiMiciuMimii  aerieeef  noik.planto^ 
anfl  mMtlj  aeiiBelei  aadno  w/bbl  }  dniinff  wliidi  in  oiir.iMUk* 
booAood  the  •iidbeip4rae  blDonied,  and  diepped  itaeoei^ 
om  the  eeith  and  ia  the  eea;  idiianm8ilMaia,XkirQpe.|vdL, 
North  Ameriea  groves  of  Iropiosl  pehna  flonridisd;  whm. 
gigantic  liands,  snd  sfter  thsm  dgphsnts,  ifhose  ni^^lj'  t!^, 
msniB  we  still  find  boned  in  the  esrth,  foond  a  home?    Di£>. 
ferent  geologists,  prooeediDg  firom  di£ferent  premises,  hare 
sought  to  estimate  the  dnrstion  of  the  above  creative  period^ 
and  Tsiy  firom  a  million  to  nine  million  years.    And  the  time 
dnring  which  the  earth  generated  organic  beings  is  again 
small  when  we  compare  it  with  the  ages  daring  whidi  the 
world  was  a  ball  of  fhsed  rocks.    For  the  duration  of  its  cool- 
ing firom  2000^  to  200^  centigrade,  the  experiments  of  Bishop 
xspaa  basalt  show  that  abont  850  millions  of  years  would  be 
necessary.    And  with  regard  to  the  time  daring  which  the  first 
nebnlons  mass  condensed  into  our  planetaiy  system,  our  moit 
daring  coi\Jectares  most  cease.    The  history  of  man,  there 
finre,  is  but  a  short  npple  in  the  ocean  of  time.    For  a  mnch 
longerseriesof  years  than,  that  dnring  which  man  has  already 
occupied  this  world,  the  existence  of  the  present  state  of  in* 
organic  nature  fiivourable  to  the  duration  of  man  seems  to  be 
secured,  so  that  for  ourselves  and  for  long  generations  after 
us,  we  have  nothing  to  fear.    But  the  same  forces  of  air  and 
water,  and  of  the  volcanic  interior,  which  produced  fomwr 
geological  revolutions,  and  buried  one  series  of  living  fimns 
after  another,  act  still  upon  the  earth's  crust.    They  mote 
probably  will  briog  about  the  last  day  of  the  hnmsa  raos  than 
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distant  coenuc&I  alterations  of  which  we  have  spoken, 
•ad  perhaps  force  ub  to  moke  wny  for  new  and  more  com- 
plete living  forms,  as  the  lizards  and  the  mammoth  have 
giren  place  to  ns  and  our  feUow-crealures  which  now  exist. 

Thus  the  thread  which  was  epnn  in  darkness  b7_thoee 
wbo  sought  a  perpetaal  motion  has  conducted  ns  to  a  univer- 
sal law  of  nature,  which  radiates  light  into  the  distant  nights 
of  the  beginning  and  of  the  end  of  the  history  of  the  universe. 
To  OUT  own  race  it  permits  a  long  but  not  an  endless  exist- 
ence ;  it  threatens  it  with  a  day  of  judgment,  the  dawn  of 
which  is  still  happily  obscured.  As  each  of  us  singly  must 
endure  the  thought  of  hb  death,  the  race  must  endure  the 
same.  But  above  the  forms  of  life  gone  by,  the  human  race 
higher  moral  problems  before  it,  the  bearer  of  which  it  is, 
1  in  the  completion  of  which  it  fulfils  its  destiny. 
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JvLira  Bonn  Xatbi  wbs  bom  al  HcUbrami,  KorcDiber  2S,  181^  His 
werfTed  •  meficil  education,  tnd  beeame  fint|  ooonty  womni^ jridan  aad 
allf  aula  cHj  phyaidaii  of  HaObromL  Butftnrpartioalaiaof  hiaBfiihiEVi 
bom  obtidned.  In  1840  be  made  a  foygp  on  a  Dntdi  ftei^iter  to  Am» 
Mid  SI  was  tiie  aoddent  of  blending  a  fmriab  padflot  in  tbis  oootej,  «id 
obMTTing  tiMl  tiie  Tonom  blood  in  tiie  tropiei  was  of  a  nodi  bi^jklv  nd 
ftn  bi  colder  baitodea,  tbat  led  bbn  to  tboee  biTeatigaliona  of  natonl 
fixees,  the  chief  reeohs  of  which  are  f^Ten  in  the  fcdlowing  caaajBi  Two 
jean  after  hie  attention  was  drawn  to  tBe  eabject — In  1842,  be  pobBriied 
bSa  first  paper  on  the  "  Forces  of  Ihorganio  Natore.**  It  was  pot  togedier 
briefly,  and  pablished  in  liebig's  joonal  to  secure  the  paUio  reoognitioii  of 
bis  daims.  ffis  sec<md  pablication,  **Qn  Organic  Motion  snd  KntritiQa** 
(1846),  an  able  essay  of  one  himdred  and  twdre  pages,  is  not  yet  txandatod. 
ffis  third  paper,  on  "Celestial  Dynamics,"  was  poblishecPbi  1848 ;  and  Us 
Ibnrth,  on  the  **  Mechanical  Equivalent  of  Heat,**  ^ypeared  in  1851. 

These  vast  and  rapid  labors  were  too  mndi  for  Us  stsenglb.  Wb  of«r> 
talked  mind  gave  way,  and  be  was  taken  to  an  insane  asylnm.  Hs^  ho«^ 
mr,  fortonatdy  recorered,  and  is  now  reported  as  oooopiod  wiOi  tfaa  anllt> 
vatfon  of  the  Tine  in  Hdlbronn. 
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THE  fonowing  pages  are  designed  as  an  attempt  to  an- 
swer ihe  questions,  What  are  we  to  understand  bj 
"Forces"?  and  how  are  different  forces  related  to  each  other? 
Wliereaa  the  term  matter  implies  the  possession,  by  the  object 
to  whidi  it  is  applied,  of  very  definite  properties,  such  ex 
weight  and  extension ;  the  term  force  conveys  for  the  most 
part  tlie  idea  of  aomethiag  unknown,  unsearchable,  and  hypo- 
thetical. An  attempt  to  render  the  notion  of  force  equally 
exact  with  that  of  matter,  and  so  to  denote  by  it  only  objects 
of  actual  invesligalion,  is  one  which,  with  lie  conacquences 
that  flow  from  it,  ought  not  to  be  unwelcome  to  those  who 
desire  that  their  t'icws  of  nature  may  be  clear  and  onencum- 
bered  by  hypotheses.  - 

Forces  are  causes:  accordingly,  we  may  in  relation  to 
them  make  fiiU  application  of  the  principle— eaiwa  ae^at  ef- 
fettum.  If  the  caora  c  has  the  efiect  e,  then  c=e,-  if,  in  its 
turn,  e  is  the  cause  of  a  second  effect/,  we  have  e— /,  and  so 
on:  £=«=/...=■?.  In  a  chain  of  causes  and  effects,  a 
term  or  a  part  of  a  term  can  nerer,  as  plainly  appears  from 
the  nature  of  an  equation,  become  equal  to  nothing.  This 
first  property  of  all  causes  we  call  their  indestrttctihility. 

If  the  given  cause  c  has  produced  an  effect  e  equal  to  it- 
self, it  haa'  in  that  very  act  ceased  to  be :  c  has  become  e ;  if, 
oAer  the  prodnction  of  e,  c  still  remained  in  whole  or  in  part. 


Sft3  THX  fOMBi  OF  SfOBOAHKI  SATDXB. 


be  stfll  fbrtlicr'  effects  coi  mB|KWiiKng  to  tUs  n 
ifMhfng  cuue  :  die  total  effect  of  c  would  thns  be  >e,  wbul 
vv<ud  S?  coatnrr  to  the  sappoaition  e=e.  Acoordin^i 
fcxc«  r  becvzaes  e.  and  e  becomes/,  &c.,  we  must  regard  these 
VftracKB  3iairiinid»  as  different  forms  mider  which  one  sod 
UK   j&zae  obj«c%  makes  its  appearance.     This  capabilifyof 

kric«;s  tbrms  is  the  second  essential  property  of  all 
TakisLf  boch  properties  together,  we  maj  say,  cansei 
arv  ^  r^iji^dsauvvlr)  indettmttible  and  (qnalitatiTely)  convert 

T^v^  Classes  ot  caoses  occur  in  natnre,  which,  so  far  as 
essvrxacv  <«»«  aevifr  pais  one  into  another.  The  first  class 
sVi»ae  c£  inch  eaoMs  as  possess  the  properties  of  weight 
asd  im^oeCTabili^ :  these  are  kinds  of  Matter:  the  other 
ciiu»  L<  ?;:.A3f  op  ox  caoMS  which  are  wanting  in  the  proper- 
tk»  ;-.::<(  r:»:iiacz.<ed.  sameh*  Forces,  called  also  Impondera- 
bZietf^  ^'r:i  ih^:  nrt^dve  piopertr  that  has  been  indicated. 
Forw^  Are   :h.ervior«  indeatntctiblt^  conitrtiblej  imponderaNe 

m 

We  will  i=.  th«  nm  instance  take  matter,  to  afford  ns  an 
exau&ple  ot*  oaa5e5  asd  effects.  Explosive  gas,  H+0,  and 
waiter*  110«  arv  rvlated  to  each  other  as  canse  and  effect, 
lb*^^^?r>e  11  -  O  =  HO.  Bat  if  H  -f  O  becomes  HO,  heat,  col., 
nuLke5  i:;»  arr^AHinoe  as  well  as  water :  this  heat  must  like- 
WW  hav«  a  cause,  r.  and  we  hare  therefore  H+O+x=H0 
-^^"o.".  Ic  mirfit,  however,  be  asked  whether  H+O  is  really 
=  UO.  andx=cui..  and  not  perhaps  H-hO=ea/.,  andx=:HO, 
whence  the  above  equation  coukl  equally  be  deduced ;  and  so 
in  many  other  cases.  The  phlogistic  chemists  recognized  the 
equation  between  cal.  and  x.  or  Phlogiston  as  they  caDed  it, 
and  in  so  doing  made  a  great  step  in  advance ;  but  they  in- 
volved themselves  again  in  a  system  of  mistakes  by  puttings 
in  place  of  O ;  thus,  for  instance,  they  obtamed  H=HO-|-x. 

Chemistrv,  whose  problem  it  is  to  set  forth  m  equations 
the  causal  connection  existii^  between  the  different  kinds  of 


TiuarBR  Ajm  tobch  ab  oattsbs.  958 

■Mtlur,  tosches  db  that  matter,  as  a  cause,  has  matter  for  its 
we  ore  equally  justified  in  eajing  that  to  force  as 
tenee,  corrcepoads  force  as  effect.  Since  c=«,  and  e=e,  it 
is  mmaturol  to  coll  ouc  term  of  an  equation  a  force,  and  the 
other  an  effeut  of  force  or  phenomenon,  and  to  attach  diffcr- 
cnl  notions  to  the  eipressions  Force  and  Phenomenon,  In 
brief,  then,  if  the  cause  Is  matter,  the  effect  is  matter ;  if  the 
OMiee  is  a  force,  the  effect  is  also  a  force. 

A  cause  which  brings  about  the  raising  of  a  weight  is  a 
fitrce  ;  its  effect  (the  raiitd  weight)  is,  accordj^l;,  equally  a 
y»rc0;  or,  expressing  tliis  relation  in  a  more  general  form, 
t^aration  in  ipaee  of  ponderable  objecU  is  a  forte;  since  thii 
force  causes  the  fall  of  bodies,  we  call  it  falling  force.  Fall- 
ing force  and  fall,  or,  more  generally  still,  falling  force  and 
motion,  are  forces  which  are  related  to  each  other  as  cause 
aad  effect — forces  whicli  are  convertible  one  into  the  other — 
tiro  difierent  forms  of  one  and  the  same  object.  For  exam- 
ple, a  weight  resting  on  the  ground  is  not  a  force  :  it  is  neither 
the  cause  of  motion,  nor  of  the  tiding  of  another  weight  |  it 
3  so,  howeror,  in  proportion  as  it  is  raised  above  the 
:  the  cause — the  distance  between  a  weight  and  the 
earth — and  the  effect — the  quantity  of  motion  produced — boai 
to  each  other,  as  we  learn  from  mechanics,  a  constant  rela- 
tion. 

Gravity  being  regarded  as  the  cause  of  the  falling  of  bod- 
ies, a  gravitating  force  is  spoken  of,  and  bo  the  notions  of 
properly  and  of  force  are  confounded  with  each  other :  pre- 
cdsaly  that  which  is  the  essential  attribute  of  every  force — 
the  union  of  indestructibility  with  convertibility — is  wanting 
in  every  property  :  between  a  property  and  a  force,  between 
^iwrity  and  motion,  it  is  therefore  impossible  to  establish  the 
eqoatioa  required  for  a  rightly-con ceiTed  causal  relation.  If 
gravity  he  called  a  force,  a  cause  is  supposed  wblcb  produces 
effects  without  itself  diminishing,  and  incorrect  conceptions 
of  the  causal  comiections  of  things  are  thereby  fostered.     In 
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L~    t;c    TOMsr  nsciL  niig*  £?  i^rcmrsorv.  *ad  we 

2ir«r   -r^-  T    ics  '•Ti-iiiir  tin-*."!  2»  Utf   ."ax*  c:  heat. 

-uis  russniu  -wrusatsr.  u  ^  TnTfTiSg>ag  sues  q  vldeii  tlw 
-rzdiiiinr?  .T  zanaia  a»  *L-^Jiixnii3afiit  ':▼  las  appearmDoe  of 
•^a  -mTFiTTT   laift  jsx  jcms  csmt  c&a   cikan  the  pro- 
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ion  of  heat,  and  the  heat  some  other  t 


I   than  the 


An  attempt  to  ascertain  the  ofTect^  of  ceasing  motion  haa 
never  yet  been  seriously  made  ;  without,  therefore,  wishing  to 
exclude  d  priori  the  hypothesis  which  it  may  be  possible  to 
aet  op,  we  observe  only  that,  as  a  rule,  this  effect  cannot  be 
supposed  to  be  an  alteration  in  the  state  of  aggregation  of  the 
moved  (that  is,  rubbing,  &c.)  bodies.  If  wo  oasorae  that  a 
certain  quantity  of  motion  v  is  expended  in  the  conversion  of 
a  rnbbing  substance  m  into  n,  wo  must  then  have  m-\-v=n, 
■ad  n=m+v ;  and  when  n  is  reconTerted  into  m,  v  most  ap- 
pear again  in  some  form  or  other.  By  the  friction  of  two 
metallic  plates  continued  for  a  very  long  time,  we  can  grad- 
ually canae  the  cessation  of  an  immense  quantity  of  move- 
ment ;  but  would  it  ever  occur  to  us  to  look  for  even  the 
emallest  trace  of  the  force  which  has  disappeared  in  the  me- 
tallic dust  that  we  could  collect,  and  to  try  to  regain  it  thence  ? 
We  repeat,  the  motion  cannot  have  been  annihilated ;  and 
contrary,  or  positive  and  negative,  motions  cannot  be  regarded 
aa  =^0,  any  more  than  contrary  motions  can  come  out  of 
nothing,  or  a  weight  can  raise  itaelf. 

Without  the  recognition  of  n  causal  connection  between 
motion  and  heat,  it  is  just  as  difficult  to  explain  the  produc- 
tioo  of  heat  as  it  is  to  give  any  account  of  the  motion  that 
disappears.  The  heat  cannot  be  derived  from  the  diminution 
of  the  volume  of  the  rubbing  substances.  It  is  weU  known 
that  two  pieces  of  ice  may  be  melted  by  rubbing  them  to- 
gether in  vaeao ;  but  let  any  one  try  to  convert  ice  into  water 
by  pressure,*  however  enormous.     Water  undergoes,  as  was 

*  Since  the  original  publlmtion  of  this  paper.  Prof.  W,  Tliomeon  hu 
■boini  tluU  pressure  hu  >  Benslble  cflecl  in  liqaefying  ice  (Can/.  Phil.  Htg. 
S.  3,  ToL  zutU.  p.  IS3);  but  the  eiperimenU  of  Buoeen  uid  of  Hopldna 
luTe  ahowQ  tlut  the  melliDg-pointa  of  bodies  which  cipuid  on  becoming 
Itqnid  are  nised  b;  pressure,  which  is  oU  Ibnt  Mbjoi'b  srgumeul  r«qaina.-~ 
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ftoDid  by  ili6  wsOnofj  •  riflo  of  tosp^"'"^  wku  iririMl^y* 
shaken.  The  water  bo  healed  (from  18°  to  18*^  C.)  Ium  a' 
greater  balk  after  being  shaken  than  it  had  befiire ;  irlMBM. 
now  oomes  this  q[nantif7  of  heat,  wfaioh  bj  rqieated  ■JJ^Mug 
may  be  called  into  existence  in  the  same  apparatus  as  oAsa 
as  we  please?  The  vibratory  hypothesis  of  heat  is  aa  i^ 
prdadi  toward  the  doctrine  of  heat  being  the  eflbet  of  mo- 
tkm,  but  it  does  not  fitvoor  the  admission  of  this  causal  refec- 
tion in  its  fun  generality ;  it  rather  lays  the  diief  stress  oa 
mieasy  oscillations  (unMiagliehe  Sekwingungen). 

If  it  be  now  considered  as  estabUdied  that  in  many  esses 
(exe^pHo  eonfirmat  regtdam)  no  other  effect  of  motion  can  bt 
traced  except  heat,  and  that  no  other  cause  dian  motion  esft 
be  found  for  llie  heat  that  is  produced,  we  prefer  the  assonqp- 
tion  that  heat  proceeds  from  motion,  to  the  assumption  of  a 
cause  without  effect  and  of  an  effect  without  a  cause— just  as 
the  chemist,  instead  of  allowing  oxygen  and  hydrogen  to  dis- 
appear without  further  investigation,  and  water  to  be  pro- 
duced in  some  inexplicable  manner,  establishes  a  connection 
between  oxygen  and  hydrogen  on  the  one  hand  and  water  on 
the  other. 

The  natural  connection  existing  between  falling  force,  mo- 
tion, and  heat  may  be  conceived  of  as  follows :  We  know  that 
heat  makes  its  appearance  when  the  separate  particles  of  a 
body  approach  nearer  to  each  other ;  condensation  produces 
heat.  And  what  applies  to  the  smallest  particles  of  matter, 
and  the  smallest  intervals  between  them,  must  also  apply  to 
large  masses  and  to  measurable  distances.  The  fiJling  of  a 
wei^t  is  a  diminution  of  the  bulk  of  the  earth,  and  nmst 
therefore  without  doubt  be  related  to  the  quantity  of  heat 
thereby  developed ;  this  quantity  of  heat  must  be  proportional 
to  the  greatness  of  the  weight  and  its  distance  from  the 
ground.  From  this  point  of  view  we  are  vexy  easfly  lod  to 
the  equations  between  falling  force,  motion,  and  heat^  that 
have  already  been  discussed. 


BQcrVAltaroE  of  heat  ahd  hotioit. 

hit  just  as  little  as  tlie  connection  between  falling  force 
tttd  motion  authorizes  the  conrluaion  that  the  essence  of  fall- 
ing force  is  motion,  can  such  a  conclusion  be  adopted 
case  of  heat.  W«  are,  on  the  contrary,  rather  iaclined  to 
infer  that,  before  it  can  become  heat,  motion — whether 
pie,  or  vibratory  aa  in  the  case  of  light  and  radiant  heat, 
^-most  cease  to  exist  as  motion. 

If  falling  force  and  motion  are  equivalent  to  heat, 
mroat  also  natnrally  be  equivalent  to  motion  and  falling  force. 
Just  aa  heat  appears  aa  an  effect  of  the  diminution  of  balk  and 
of  the  cessation  of  motion,  so  also  does  heat  disappear  as  a 
cau»f  when  its  eifects  are  produced  in  the  shape  of  motion, 
expansion,  or  raising  of  weight. 

In  water-mills,  the  continual  diminution  in  bulk  which  the 
earth  undergoes,  owing  to  (ho  fall  of  the  water,  gives  rise  to 
motion,  which  afterwards  disappears  again,  calL'ng  forth  un- 
ceasingly a  great  qnantity  of  boat ;  and  inversely,  the  steam- 
engine  aezTes  to  decompose  heat  again  into  motion  or  the 
raising  of  weights.  A  locomotiTe  engine  with  its  train  may 
be  compared  to  a  distilling  apparatus ;  the  heat  applied  nnder 
the  boiler  passes  oS*  as  motion,  and  this  is  deposited  again 
heat  at  the  axles  of  the  wheels. 

We  will  close  our  disquisition,  the  propositions  of  wl 
have  resnlied  as  necessary  consequences  from  the  principle 
"  cansa  lequat  effectum,"  and  which  are  in  accordance  with 
all  the  phenomena  of  Nature,  with  a  practical  deduction. 
The  solution  of  the  equations  snbsiating  between  falling  force 
and  motion  requires  that  the  space  fallen  througb  in  a  gi^m 
time,  e.  g.  the  first  second,  should  be  experimentally  detail 
mined  ;  in  like  manner,  the  solulion  of  the  equations  subsist- 
ing between  tailing  force  and  motion  on  the  one  hand  and 
heat  on  the  other,  requires  an  answer  to  the  qncalioa,  How 
great  is  the  quantity  of  heat  which  corresponds  t( 
qoantity  of  motion  or  falling  force?  For  instance, 
ascertain  how  high  a  given  weight  requires  to  be  raised  a1 
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ibB  groond  in  order  that  ita  fidHiig  finroe  may  be  eqnrnikiifc  to 
the  raising  of  the  temperature  of  an  equal  weight  of  waUr 
from  0^  to  1°  C.  The  attempt  to  show  thai  sadi  an  eqiia* 
tion  is  the  expression  of  a  physical  troth  may  be  regarded  ai 
the  substance  of  the  foregoing  remarks. 

By  applying  the  principles  that  have  been  set  forth  to  ths 
relations  subsisting  between  the  temperature  and  the  Tolmne 
of  gases,  we  find  that  the  sinking  of  a  mercury  colmnn  bj 
which  a  gas  is  compressed  is  equivalent  to  the  quantity  of 
heat  set  free  by  the  compression ;  and  hence  it  follows,  tha 
ratio  between  the  capacity  for  heat  of  air  under  constant  pres- 
sure and  its  capacity  under  constant  volume  being  taken  as 
-■  1*421,  that  the  warming  of  a  given  weight  of  water  from 
0°  to  1°  C.  corresponds  to  the  &U  of  an  equal  weight  from 
the  height  of  about  365  metres.*  If  we  compare  with  this 
result  the  working  of  our  best  steam-engines,  we  see  how 
smaU  a  pcurt  only  of  the  heat  applied  under  the  boiler  is  really 
transformed  into  motion  or  the  raising  of  weights ;  and  this 
may  serve  as  justification  for  the  attempts  at  the  profitable 
production  of  motion  by  some  other  method  than  the  expendi* 
ture  of  the  chemical  difference  between  carbon  and  oxygen- 
more  particularly  by  the  transformation  into  motion  of  eleo- 
tricity  obtained  by  chemical  means. 

*  When  the  corrected  specific  heat  of  air  is  introduoed  into  the  oiloch 
lafion  this  number  is  increased,  and  agrees  then  with  the  ezperimflntal  ds- 
tenninatioas  of  Mr.  Joule. 
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CELESTIAL    DYNAMICS. 


I.— INTEODUOTION. 

EVERY  incandescent  and  Imninops  bodj  diminiBhes  in 
temperatore  and  himinosityin  the  same  degree  as  it 
radiates  light  and  heat,  and  at  last,  provided  its  loss  be  not 
repaired  from  some  other  sonrce  of  these  agencies,  becomes 
odd  and  non-lominons. 

For  light,  like  sound,  consists  of  vibrations  which  are 
commnnicated  bj  the  lominous  or  sounding  bodj  to  a  snr- 
roonding  medium.  It  is  perfectly  dear  that  a  body  can  only 
excite  such  vibrations  in  another  substance  when  its  own  par- 
ticles undergo  a  similar  movement ;  for  there  is  no  cause  for 
undulatory  motion  when  a  body  is  in  a  state  of  rest,  or  in  a 
state  of  equilibrium  with  the  medium  bj  which  it  is  sur- 
rounded. If  a  bell  or  a  string  is  to  be  sounded,  an  external 
force  must  be  applied ;  and  this  is  the  cause  of  the  sound. 

If  the  vibratory  motion  of  a  string  could  take  place  with- 
out anj  resistance,  it  would  vibrate  for  all  time ;  but  in  this 
case  no  soimd  could  be  produced,  because  sound  is  essentiallj 
the  propagation  of  motion ;  and  in  the  same  degree  as  the 
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string  oonmmmcates  its  vibrations  to  tlie  gnrroimding  and  le* 
sitting  medium  its  own  motion  becomes  weaker  and  weakor, 
imtil  at  last  it  sinks  into  a  state  of  rest. 

The  son  has  often  and  appropriately  been  oompaied  to  n 
incessantly  sounding  belL  *  But  by  what  means  is  the  power 
of  this  body  kept  up  in  undiminished  force  so  as  to  enaUe 
him  to  send  forth  his  rays  into  the  universe  in  such  a  graad 
and  magnificent  manner?  What  are  the  causes  which  comH 
teract  or  prevent  his  exhaustion,  and  thus  save  the  planetaij 
system  firom  darkness  and  deadly  cold? 

Some  endeavoured  to  approach  ^^the  grand  secreti''  as. 
Sir  Wm.  Hersdiel  caJls  this  question,  by  the  aasumptioii  thai 
the  rays  of  the  sun^  being  themselves  perfectly  cold,  merely 
cause  the  "  substance "  of  heat,  supposed  to  be  contained  in 
bodies,  to  pass  firom  a  state  of  rest  into  a  state  of  motion,  and 
that  in  order  to  send  forth  such  cold  rays  the  sun  need  not  be 
a  hot  body,  so  that,  in  spite  of  the  infinite  development  of 
light,  the  cooling  of  th^sun  was  a  matter  not  to  be  thought  of. 

It  is  plain  that  nothing  is  gained  by  such  an  explanation ; 
for,  not  to  speak  of  Che  hypothetical  '^  substance"  of  heat, 
assumed  to  be  at  one  time  at  rest  and  at  another  time  in  mo- 
tion, now  cold  and  then  hot,  it  is  a  well-founded  &ct  thai  the 
sun  docs  not  radiate  a  cold  phosphorescent  light,  but  a  lig^ 
capable  of  warming  bodies  intensely ;  and  to  ascribe  sudi 
rays  to  a  cold  body  is  at  once  at  variance  with  reason  and 
experience. 

Of  course  such  and  similar  hypotheses  could  not  satisfy 
the  demands  of  exact  science,  and  I  wiU  therefore  try  to  ex- 
plain in  a  more  satisfactory  manner  than  has  been  done  up 
to  this  time  the  connexion  between  the  sun's  radiation  and  it^ 
effects.  In  doing  so,  I  have  to  claim  the  indulgence  of  scien- 
tific men,  who  are  acquainted  witli  the  difficulties  of  my  tasL 
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OUBO£S    OF    HEAT. 

Before  wb  tuni  our  attention  U>  tLe  special  subject  o 
(his  paper,  it  will  be  neceeaary  to  consider  the  meaaa  bj 
which  light  and  heat  are  produced.  Heat  may  be  obtoint 
from  Teiy  diiFereat  sources.  Combustion,  fermentation,  pi 
tre&ctioD,  slaking  of  lime,  the  decomposition  of  chloride  { 
nitrogen  and  of  gun-cotton,  &c.  &c.,  ore  all  of  ihem  Bonro 
of  heat.  The  electric  spark,  the  voltaic  current,  friction,  pei 
cuasion,  and  the  vital  processes  are  also  accompanied  by  tl 
evalation  of  this  agent, 

A  general  law  of  nature,  which  knowa  of  no  exceptioi 
is  the  following : — In  order  to  obtain  beat,  something  mm 
be  expended;  this  something,  however  different  it  may  be  i 
other  respects,  can  always  be  referred  to  one  of  two  categi 
rics :  either  it  consists  of  some  material  expended  i 
icnl  process,  or  of  some  sort  of  mechanical  work. 

When  substances  cndo-wed  with  considerable  chemical  i 
fioity  for  each  other  combine  chemically,  much  heat  is  dev 
ope<l  during  the  process.  We  shall  estimate  the  quantity 
be*t  thus  set  free  by  the  number  of  kilogrammes  of 
which  it  would  heat  1^  C.  The  quantity  of  beat  necessi 
to  ntiae  one  kilogramme  of  water  one  degree  is  cffled  a  i 
of  heat. 

It  has  been  established  by  numerous  esperimeufs  that 
combuslioQ  of  one  kilogramme  of  dry  charcoal  in  oxygen. 
u  to  form  carbonic  acid,  yields  7200  units  of  heat,  which  I 
may  be  briefly  expressed  by  saying  that  charcoal  fumishflj 
7300"  degrees  of  heat. 

Superior  coal  yields  6000°,  perfectly  dry  wood  from  3300 
to  3800^  sulphur  2700,  and  bydrogen  34,600'  of  beat. 

Aoixirding  to  experience,  the  number  of  units  of  heat 
depends  on  the  quantity  of  matter  ^hich  is  consumed. 
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F^  t 

I    not  OD  the  conditiotis  onder  wUch  the  borniiig  ukes  [due. 

.  The  same  amount  of  lieat  is  giren  ont  whether  the  combos- 
tioa  proceeds  slowlj  or  qaicklf,  in  atmospheric  air  or  in  pore 

I  oxygen  gaa.  1£  in  one  ca^  a  metal  be  burnt  in  air  and  the 
amount  of  heat  directly  measured,  and  in  another  instance 

'    the  same  quantity  of  metal  be  oxidized  in  a  galvamc  balUry, 

I  the  heat  being  developed  in  some  other  place— eay,  the  irir« 
which  condocls  the  current, — in  both  of  these  experiments 
the  same  quantity  of  heat  will  be  observed. 

The  same  law  also  holds  good  for  the  production  of  heat 
by  mechanical  means.  The  amount  of  heat  obtained  is  only 
dependent  on  the  quantity  of  power  consumed,  and  is  quite 
independent  of  the  manner  in  which  this  power  has  been  ei< 
pended.  If,  therefore,  the  amount  of  heat  which  is  produced 
by  certain  mechanical  work  is  known,  the  quantity  which 
will  bo  obtained  by  any  other  amount  of  mechanical  work 
can  easily  be  fonnd  by  calculation.     It  is  of  no  consequuice 

'  whether  this  work  consists  in  the  compression,  percusaioa,  or 
friction  of  bodies. 

The  amount  of  mechanical  work  done  by  a  force  may  bo 
expressed  by  a  weight,  and  the  height  to  which  this  weight 
would  be  raised  by  the  same  force.  The  malhemAtical  ex< 
pression  for  "  work  done,"  that  is  to  say,  a  measure  lor  this 
work,  is  obtained  by  multiplying  the  height  expressed  in  feet 
or  other  nnits  by  the  number  of  pounds  or  kilogrammes  Ufi«d 
to  this  height. 

We  shall  take  one  kilogramme  as  the  unit  of  weight,  and 
one  metre  as  the  unit  of  height,  and  we  thus  obtain  Iho 
weight  of  one  kilogramme  raised  to  the  height  of  one  metre 
as  a  unit  measure  of  mechanical  work  performed.  This 
measure  we  shall  call  a  kilogranunetre,  and  adopt  for  it  the 
symbol  Km. 

Mechanical  work  may  likewise  be  measured  by  the  Telo 
city  obtained  by  a  given  weight  in  passing  from  a  state  of  rest 
into  that  of  motion.    The  work  done  is  then  expressed  by 
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tbe  product  obtMoed  hj  the  multiplication  of  the  weight  bj 
the  square  of  ita  yelocitj.  The  first  method,  however,  be- 
cause it  is  the  more  canTeuient,  is  the  one  luaally  adopted ; 
and  the  nimibera  obtaioed  therefrom  may  easily  be  expressed 

The  prodact  resulting  from  the  multiplication  of  the  num- 
ber of  nnita  of  weight  and  meaaurcs  of  height,  or,  as  it  is 
called,  the  product  of  mass  and  height,  as  well  as  the  pro- 
duct of  the  mass  and  the  square  of  iia  velocity,  are  called  "  ois 
viva  of  motion,"  "  mechanical  effect,"  dynamical  eSect," 
"  work  done,"  "  quantite  de  travail,"  &c.  Ac. 

The  amount  of  mechanical  work  necessary  for  the  beating 
of  1  kilogramme  of  water  1°  C  haa  been  determined  by  ex- 
periment to  be  —  367  Em ;  therefore  Em  ==,  0-00273  units 
of  heat." 

A  mass  which  has  fallen  through  a  height  of  367  metres 
poaseases  a  velocity  of  84-8  metres  in  one  second ;  a  mass, 
therefore,  moving  with  this  velocity  originates  1°  C.  of  heat 
when  its  motion  is  lost  by  percussion,  friction,  &c.  If  the 
velocity  be  two  or  three  times  as  great,  4"  or  9°  of  heat  will 
be  developed.  Generally  speaking,  when  the  velocity  is  e 
metres,  the  corresponding  development  of  h&at  will  be  ex- 
pressed by  the  formula 

0-000139°xc'. 

*  This  esMj  WIS  publuhi^l  in  1845.  At  that  time  de  U  Roche  uid 
Benrd'B  dctemiiiialiaD  of  the  specific  hot  ot  air  was  geDerall;  accepted. 
If  the  phpicJ  coDBtanta  used  b;  Majer  be  correcied  aooordiDg  to  th«  re- 
Bulu  of  mora  recent  iaveatigalioD,  ibe  mechatiica]  eqnivalenl  of  beat  it 
fooiid  to  be  77H  fool-pounda.    Mr.  Joule  finds  it  —  77i  fool-poundi.— 


III.'ICEASUBE   OP  THE  SUK'S  HEAT. 

Ths  mdmometer  is  an  instniinent  mT€iited  bj  Sir  Jolm 
Henchel  ix  the  prnpoee  of  meaaoring  the  heating  efflfed 
produced  bj  the  nm's  rajs.  It  is  esBentiallj  a  tbennometflr 
vxih  a  large  cylindrical  bulb  filled  with  a  bine  licinid,  wlaA 
»  acted  iqwa  bj  the  son's  rajs,  and  the  ej^MUDsion  of  whidi 
i>  flaeasxred  bj  a  gradoaled  scale. 

From  obwrradons  made  with'  this  instmment,  Sir  Johi 
Henchel  rat'^laifft  the  amonnt  of  heat  receiTed  from  the  sm* 
to  b«  sz^ciens  to  mth  annnaHy  at  the  surface  of  the  ^obe  a 
cress  oc  ice  ^'2  mccrea  in  thickness. 

Pon^TVt  has  rvceacir  shown  by  some  carefbl  ezperimenti 
wi::2.  :2je  aeos  pjrheliomecer.  an  instrument  invented  bj  him<- 
le!:.  uia:  every  square  cendmetre  of  the  surface  of  our  globe 
7ec«i^e$«  on  an  average*  in  one  minute  an  amonnt  of  solar 
^jm:  vhich  would  rabe  the  temperature  of  one  gramme  of 
w^er  <>44(yS'.  Xot  much  more  than  one-half  of  this  quan- 
c^  01  bea:.  however*  n^acbes  the  solid  surface  of  our  globe, 
fizo;  a  considerable  portion  of  it  is  absorbed  by  our  atmo- 
scctf  re.  The  lay>er  of  ice  which,  according  to  Pouillet,  could 
^  Tsec:^  ^j  th.e  solar  beat  which  yearly  reaches  our  globe 
wv<iji  2^^  a  :i£okne5»  o{  30-89  metres. 

A  ^x&re  rxrre  of  our  earth's  surface  receives,  therefore, 
40cv.ri::xr  tc  P.HiiSe:'*  results,  whidi  we  shall  adopt  in  the 
iocv*zj:  p*£>f5*  on  an  average  in  one  minute  4*408  units  of 
^v>.i:.  r^  wtx'Le  snrttce  of  the  earth  is  .  9,260,500  geo- 
cra^x"*!  s^'Sinf  riiiSe**  :  consequently  the  earth  receives  in 
ccs'  r:iL:::iT^  :?:J47  billioa*  of  units  of  heat  from  the  sun. 

I?  cr\Wr  :o  obcain  smaller  numbers,  we  shall  call  the 
>.>^^.>>>^v  ^>{-  ^^  £^>ft»arv  to  raise  a  cubic  mile  of  water  1" 

*  rVf«v'^7t;^uiIsik--74^meCrei»aBdQoe£D^iahiiule«lSM 
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11  temperatnre,  a  cnbic  mile  of  heat.  Since  one  cubic 
of  WBter  weighs  408'54  billionB  of  kilogrammea,  a  cubic 
tnile  of  heat  coDlaina  40S'54  billions  of  units  of  beat.  The 
effect  produced  by  the  raya  of  the  Bun  on  the  surface  of  the 
earth  in  one  mioule  is  therefore  5*5  cubic  milca  of  heat. 

Let  ua  imagine  the  sun  to  be  surrounded  by  a  hollow 
sphere  whose  radius  is  equal  to  the  mean  distance  of  the 
«arlh  from  the  sun,  or  20,589,000  geographical  miles;  the 
sorface  of  thia  sphere  would  be  equal  to  5326  billiona  of 
square  miles.  The  surfaco  obtaiocd  by  the  intersection  of 
this  faollow  sphere  and  our  globe,  or  the  base  of  the  cone  of 
solar  light  which  reachea  our  earth,  stands  to  the  whole  sur- 
face of  this  hoUow  sphere  as  ■^— j —  :  6326  billiona,  or  as  1  to 
2300  millions.  This  is  the  ratio  of  the  heat  received  by 
our  globe  to  the  whole  amount  of  beat  sent  forth  from  the 
BUS,  which  latter  in  one  minute  amounts  to  12,650  millions 
of  cubic  mUes  of  heat. 

This  amaiing  radiation  ought,  unless  the  loss  is  by  some 
means  made  good,  to  cool  considerably  even  a  body  of  the 
magnitude  of  the  sun. 

n  to  be  endowed  with  the  same  capa- 

f  water  of  Ihe  same  volume,  and  its 

I  to  affect  uniformly  ila  whole  mass, 

L  ought  to  decrease  1°"8  C  yearly, 

e  of  5000  years  Ihia  loss  would  conse- 


If  we  assume  the  si: 
city  for  heal  as  a  mass  ■ 
loss  of  heat  by  radiation 
the  temperature  of  the  a: 
and  for  the  historic  ti 


quently  amount  to  9000"  ' 

A  uniform  cooling  of  the  whole  of  the  sua's  huge  mass 
cannot,  howcyor,  take  place  ;  on  tlie  contrary,  if  the  radiation 
were  to  occur  at  the  expense  of  a  given  store  of  heat  or  ra- 
diant power,  the  sun  would  become  covered  in  a  short  space 
of  time  with  a  celd  crust,  whereby  radiation  would  be  brought 
to  an  end.  Considering  the  continued  activity  of  the  sim 
through  countless  centuries,  we  may  assume  with  mathemati- 
oly  the  existence  of  some  compensating  influence  to 

e  good  its  e 
12 


It  tUi  TMtniing  agencj  a  ^*awii^  prooeaa? 

If  ndi  wore  the  case,  the  inoflt  fityonrable  Mfniin|rtiiif 
d  be  to  suppose  the  whole  mass  of  the  son  to  be  qm 
^Ecp  o£  coaL  ilw  combustion  of  eTery  kilogramme  of  ivUck 
prAr3C«»  cOOO  uiits  of  heat.  Then  the  snn  would  oidj  be 
iZ^ae  »  iOtfcazxL  for  jiortj-six  centnries  its  present  expenditiire 
cc  liA^  aaii  heat,  not  to  mention  the  oj^gen  necessary  to 
kwc  3f  ioch.  an  immfnfle  combostion,  and  other  nnfaYoorabU 


Tbtf  rvvuhiiaoa  of  the  son  on  his  axis  has  been  suggested 
«  :aiis  ^-asiw  of  his  rakfiadng  energy.  A  closer  A-raTninm*«m 
7r:«^ft  -Jiiii  ijpocbiasia  abo  to  be  untenable. 

Sjpai  :xcuion.  wishoot  firiction  or  reaistancei  cannot  ia 
icKit:*  i^OA  '•>£  reiranied  as  a  cause  of  light  and  heat,  espe- 
sulI'-'  id  :ae  ;u:i  id  in  no  war  to  be  distinguished  from  the 
i^acr  ':ciiits  .*£'  ciir  <v«u;ia  bv  velocitv  of  axial  rotation.    The 

«  •  m 

su:  u.'-':s  .ii  X5  i>.\'.'*  iz  ;ibcu:  twentv-fiTe  davs,  and  his  diam« 
jfcur  j5  ZiOiT^.y  Hi  unitid  as  grvac  as  that  of  the  earth,  from 
"V'liC-j  X  :i.uc^-^  'Jui  a  rcinc  oa  the  solar  equator  travels  but 
1  ii-.-f  SICK  -iriii  ;*:ur  tiaws  as  quick! v  as  a  point  on  the 
iiLT-ii  ?  .'^uo^LT.  Pie  larpsss  planet  of  the  solar  system, 
<vai.-^'  imoziewr  itf  aS:(is  ^ui  that  of  the  sun.  tnms  on  its  axis 
u  .i::*'  Ji»^  '•^*-  icur* ;  a  point  on  it*  equator  revolves  about 
S.V  ::irc!!i  ;-i:.citir  'Jlli  oce  on  thie  solar  equator.  The  outer 
-riiiZ  -^  SA-'^^i  ix>!<fo*  ±e  sun's  equator  more  than  ten  times 
.:  'i-iiM.*  :c  r.-Oincii.  Nevertheless  no  generation  of  li^ 
A-  Ka.  >  vcti^irvyc.  :a  cor  pofc«.  on  Ji^iter,  or  on  the  ring 

'..  ii;.:i^  -v  -icifcias  ^ias  cricdon.  though  imdevelopej  in 
uc  ."ttcv  .«;"  -ie  ,*i:ie.-  svlesoal  bodies,  mi|^t  be  engendered  by 
Jic  iu::  *  T-.v-AiJX'ci,  jnc  thas  saoh  miction  might  generate  enc»- 
•i,v»->  'i-i::  -'.t-.c*  .*i  iea:.  Bo:  tor  the  production  of  friction 
.'» V  ,xv.*c^  4;.  jfdLSC.  J«  JuwTiv^  necessary  which  are  in  imme- 
iufc.^*  jvc-jfco.  w:ii  ^"ce  asccher.  and  which  move  with  differ- 
4:' .  \x*Luvua»  wr  ii  ci&rvn:  dLxei:ci(0n5.    Friction,  moreovery 
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has  a  tendcQCf  to  produce  equal  motion  of  tlie  two  rubbing 
bodies ;  and  when  this  ia  attained,  the  generation  of  heat 
ceases.  If  now  the  sun  be  the  one  moving  body,  where  ia 
the  otlier?  and  if  the  second  body  exiat,  what  power  prevents 
it  from  nafliiming  ihe  same  rotary  motion  as  the  sun? 

But  could  even  these  difficulties  be  disregarded,  a  weight- 
ier and  more  formidable  obstacle  oppoeea  this  hypothesis. 
Tbe  known  volume  and  maS8  of  the  smi  allow  ua  to  calculate 
the  vis  viva  which  he  possesses  in  consequence  of  hia  rotation. 
Assuming  bis  density  to  be  uniform  throughout  his  mass,  and 
his  period  of  rotation  twenty-five  days,  it  is  oqaat  to  183,800 
quintilliona  of  lulogrammetrea  (Km).  But  for  one  unit  of 
heat  generated,  367  Km  ore  consumed;  conBequenlly  iha 
whole  rotation-effect  of  the  sun  could  only  cover  the  expendi- 
ture of  heat  for-the  space  of  183  years, 

The  space  of  our  solar  system  ia  filled  with  a  great  num- 
ber of  ponderable  objects,  which  have  a  tendency  to  move 
towards  the  centre  of  gravity  of  the  sun ;  and  in  so  doing, 
their  rate  of  motion  is  more  and  more  accelerated. 

A  mass,  without  motion,  placed  within  tlie  sphere  of  the 
eun'a  attraction,  will  obey  this  attraction,  and,  if  there  be  no 
disturbing  influences,  will  fall  in  a  straight  Une  into  the  sun. 
In  reality,  however,  such  a  rectilinear  pnih  can  scarcely  occur, 
as  may  be  shown  by  experiment. 

Let  a  weight  be  suspended  by  a  string  so  that  it  can  only 
touch  the  Qoor  in  one  point.  Lift  the  weight  up  to  a  certain 
height,  and  at  the  same  time  stretch  the  string  out  to  its  full 
length ;  if  the  weight  be  now  allowed  to  fall,  it  will  be  ob- 
served, almost  in  every  case,  not  to  reach  at  once  the  point  on 
the  floor  towards  which  it  tends  to  move,  but  to  move  round 
this  point  for  some  time  in  a  curved  line. 

The  reason  of  thiii  phenomenon  is  that  the  slightest  devia- 
tion of  the  weight  from  its  shortest  route  towards  the  point 
on  the  floor,  caused  by  some  disturbing  influence  such  as  the 
resistance  of  tlie  air  against  a  not  perfectly  uniform  surface, 


I 

r 
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win  nuuntwn  itself  as  long  as  molion  lasts.  It  is  Dcvertbe* 
less  possible  for  the  weight  to  move  at  onoe  to  the  point ;  the 
probtibility  of  its  doing  so,  boweTor,  becomes  the  less  as  tba 
height  from  which  it  is  allowed  to  drop  increases,  or  the  strings 
by  means  of  whidi  it  is  suspended,  is  lengthened. 

Similar  laws  inflnenee  the  movements  of  bodies  in  the 
space  oi  the  solar  gjstein.  The  height  of  the  fall  is  here 
represented  by  the  original  distance  from  the  sun  at  which  th« 
body  begins  to  move ;  the  length  of  tbc  string  by  the  son'* 
attmctioa,  which  increases  when  the  distance  decreases  ;  and 
the  small  surface  of  contact  on  the  floor  by  the  area  of  tha 
section  of  the  sun's  sphere,  If  now  a  cosmical  mass  within 
the  physical  limits  of  the  sun's  sphere  of  attraction  begins  ita 
(all  towards  that  heaTcnly  body,  it  will  bo  disturbed  in  its 
long  path  for  many  centuries,  at  first  by  the  nearest  fixed 
stars,  and  afterwards  by  the  bodies  of  the  solar  system. 
Motion  of  such  a  mass  in  a  straight  line,  or  its  perpendicular 
lall  into 'the  sun,  would,  therefore,  under  such  conditions,  bs 
impossible.  The  observed  movement  of  all  planetary  bodies 
in  closed  curves  agrees  with  this,  ' 

We  shall  now  return  to  the  example  of  the  weight 'soa- 
pended  by  a  string  and  oscillating  round  a  point  towards 
which  it  is  attracted.  The  diameters  of  the  orbits  described 
by  tliis  weight  are  observed  to  be  nearly  equal ;  continued  ob- 
servation, however,  shows  that  these  diameters  gradually  dl- 
minisb  in  length,  so  that  the  weight  will  by  degrees  approsdi 
the  point  in  which  it  can  touch  the  £oor.  The  wei^t,  bow- 
ever,  touches  the  floor  not  in  a  mathematical  point,  but  in  a 
small  surface  ;  as  soon,  therefore,  as  the  diameter  of  the  oorva 
ia  which  the  weight  moves  is  equal  to  the  diameter  of  thi< 
surface,  the  weight  will  touch  the  floor.  This  final  contact  is 
no  accidental  or  improbable  event,  but  a  necessary  pheaoin^ 
Don  caused  by  the  resistance  which  the  oscillating  mass  coQ- 
stoDtly  suffers  from  the  air  and  friction.  If  all  resistance 
could  be  annihilated,  the  motion  of  the  weight  would  of  Gonno 
continue  in  equal  oscillations. 
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The  same  law  holds  good  for  celegtial  bodies. 

The  moTemcDls  of  celesdol  bodies  in  an  absolute  Tacnum 
VOold  be  as  uniform  as  tlioac  of  a  mathematical  pendulum, 
vhereaH  a  resisting  medium  pervading  ail  space  would  caose 
the  planets  to  more  is  shorter  and  shorter  orbits,  and  at  last 
to  fiJI  into  the  sun. 

Assuming  such  a  resisting  medium,  these  wandering  ce- 
lestial bodies  most  have  on  the  periphery  of  the  solar  system 
tlicir  cradle,  and  io  its  centre  their  grave  ;  and  however  long 
tlie  duration,  and  however  great  the  number  of  their  revolu- 
tions may  be,  as  many  masses  will  on  the  average  in  a  cer- 
tain time  arrive  at  the  sun  as  formerly  in  a  lilie  period  of 
tune  came  within  his  sphere  of  attraction. 

AH  these  bodies  plunge  with  a  violent  impetus  inio  their 
^mmon  grave.  Since  no  cause  exists  without  an  effect,  each 
f  these  cosmical  masses  will,  like  a  weight  falling  to  the 
I,  produce  by  its  percussion  an  amount  of  heat  proper' 
IdqoI  to  its  fis  viva. 

Fiom  the  idea  of  a  son  whose  attraction  acts  throughout 
pace,  of  ponderable  bodies  scattered  throughout  the  universe) 

I  of  a  resisting  tether,  another  idea  necessarily  follows^ 

t,  namely,  of  a  continual  and  ineihaualible   generation  of 

t  on  the  central  body  of  this  coamii^al  system. 

Whether  such  a  conception  be  realized  in  our  solar  system 

^'Whether,  in  other  words,  the  wonderful  and  permanent  evo- 

'  htioD  of  light  and  heat  be  caused  by  the  uninterrupted  fall 

of  cosmical  matter  into  the  sun — will  now  be  more  closely 

examined. 

The  ejdatcnce  of  matter  hi  a  primordial  condition  ( t/mio- 
terie),  moving  about  in  the  universe,  and  assumed  to  follow 
flie  attraction  of  the  nearest  stellar  system,  will  scarcely  be 
denied  by  astronomers  and  physicists ;  for  the  richness  of 
mirroujidiag  nature,  as  well  as  the  aspect  of  the  starry  heav- 
ena,  prevents  the  belief  that  the  wide  space  which  separates 
mr  BoUr  system  from  tfae  regions  governed  by  the  other  fixed 


within 
ibe  comets  d^ 


:.  ...^  «-«siM>    ^  Hi«iM»Mii  -r^«r  —  ^*tfjy  are  more  com- 

."^  25  Kwsded  on  the 


^ea=u  of  the  emrth, 

asiSir  c"f  »rttmDy  ob- 

^">      ~l-:r^  s^  ai-f'T-s^ir  t.-  -ib?  nk*  of  the  «dco- 

"*•  "—  --^    '     jaa^nst    n*;  i^2SJff:•^f  rf  a  great  many 

"  "  — ^"  ^  '*«i-uH .r^s.  i^'i  ;-rci!=i*^  laother  class  of 
'  -"^  -— i«>  ▼-.u.:i  .-li::.  ^:ia^  rr?ce3i-  Tbesc  are 
-    "^      ''  «-**  ~  iir.    n-  -rr^^r-   ?csiZ±rr«^  isav  be  consid- 

k  «*..■-"  ^s^      7^  -     lir  ^i»f  ■y.:«j^>w-<  jj^f  ibe  comcls,  aw 

'"""''*  "^"^  """^     s-^i  T^.'*—*  ::!.  *«iIl.Toril  cr^i's  poond  the 

^  ■>  r    A—  ,-  •      Tv-ir,r*  iivf-r  :2r:  t**?  isisjediatc  neigfe- 

rur*  "±?*  Tbesomena  of  shoot- 


^      .--  T    'O'-v^    *-   T^n^nuae"!    Shscrration.  that  on  a 
.-.   :-:^:.    -%-  ;  ^   — -.xiv-c  5«-.f«.T:r  fl&;>M  without  a  shooting- 
"^  *^  -*^'A!L''  If'-  :::i.  iiT"^  situation.     At  certain 

— ^  *•  -   -^J^^r-ns-i  zr  iscocrsJiinrlT  great  niim- 

^,^     ..--•^-    :>     ^.^-r-.r    5a.r-^r  as  Bo^oa.  which  lasted 
_    \  ^"srrf    si^£  •»  -IjJ^  "crowded  toffrther 

LX^  as  at  least  240.000. 

oc  amrrcKiai  which  come  near  the 

be  ctmqyuted  to  bo  nuoy 


i 


IfZABUSE  OF  THE   BuVb  BEAT.  971 

mds  of  miUioDB.  Tbis,  withont  doubt,  is  only  a  small 
fraction  of  the  nunibcr  of  asteroids  tfaat  move  round  the  sun, 
which  number,  according  to  the  rules  of  the  calculus  of  prob- 
abilities, approaches  the  infinite. 

As  bos  been  already  slated,  on  the  esistence  of  a  resisting 
Ether  it  depends  whether  the  celestial  bodies,  the  planets,  the 
coiueta,  and  the  asteroids  move  at  constant  mean  distances 
round  the  son,  or  whether  they  arc  constantly  approaching 
that  central  body. 

Scienlilic  men  do  not  doubt  the  existence  of  such  an  ether. 
Liittrow,  amongst  others,  expresses  bimself  on  tbis  point  as 
follows: — "The  assumption  that  the  planets  and  the  comets 
move  in  an  absolnie  vacuum  can  in  no  way  be  admitted. 
Even  if  the  space  between  celestial  bodies  contained  no  other 
matter  than  thnt  necessary  for  the  eiiatcnce  of  light  (whether 
light  be  considered  as  emission  of  matter  or  the  undulations 
of  a  universal  oelber),  this  alone  is  sufficient  to  alter  the  mo- 
tion of  the  planetn  iu  the  course  of  time  and  the  arrangement 
of  the  whole  system  itself;  the  fall  of  all  the  planets  and  the 
oemets  into  the  sun  and  the  destruction  of  the  present  state 

the  solar  system  must  be  the  final  results  of  tbis  action." 

A  direct  proof  of  ilie  existeftce  of  such  a  resisting  mcdinm 
been  furnished  by  the  academician  Encke.  He  found 
(hat  the  comet  named  after  him,  which  revolves  round  the 
Bon  in  llie  short  space  of  1207  days,  shows  a  regular  acceler- 
ation of  its  motion,  in  consequence  of  which  the  time  of  each 
revolution  is  shortened  by  about  six  hours. 

From  the  great  density  and  magnitude  of  the  planets,  the 
shortening  of  the  diameters  of  their  orbits  proceeds,  as  might 
be  expected,  very  slowly,  and  is  up  to  the  present  tini  inap- 
preciable. The  smaller  the  cosmical  masses  arc,  on  the  con- 
trary, Oliver  circumstances  remaining  the  same,  the  faster  they 
move  towards  the  sun ;  it  may  therefore  happen  that  in  a 
spacn  of  lime  wherein  the  mean  distance  of  the  earth  from 
the  Bun  would  diminish  one  metre,  a  small  asteroid  would 
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■  Let  r  be  the  radius  of  c  spherical  and  solid  celestial  body, 
Tnd  3  the  velocity  at  the  end  of  the  first  second  of  a  weight 
falling  on  the  surface  of  Ihia  body ;  then  the  greatest  velocilj 
irhich  this  weight  can  obtain  by  its  fall  towards  the  celestial 
body,  or  Iho  velocity  with  which  it  will  arrive  at  its  surface 
after  a  fall  from  an  infinite  height,  is  \'2gT  in  one  second. 
This  number,  wherein  g  and  r  ore  eipressed  in  metres,  wo 
ahaQ  caU  G. 

For  our  globe  the  value  of  3  is  9-8164  .  .  and  that  of  r 
6,369,800 ;  and  consequently  on  our  earth 

feG=  I  (2x9-8164xG,369,800)  — 11,183. 
The  solar  radius  is  112-05  times  (hat  of  the  earth,  and  tha 
«ity  produced  by  gravity  on  the  sun's  surface  is  28*36 
:s  greater  than  the  some  velocity  on  the  surface  of  our 
globe ;  the  greatest  velocity  therefore  which  a  body  could  ob- 
tain in  conseqaence  of  the  solar  attraction,  or 

:  V(28-36  X 1 12-05)  X  11,183  =  630,400  } 
tl  is,  this  maximum  velocity  is  equal  to  630,400  metres,  or 
R  goograpliical  miles  in  one  second. 

By  the  help  of  this  constant  number,  which  may  be  called 

e  characteriilic  of  the  solar  system,  the  velocity  of  a  body 

k  eentral  motion  may  easily  be  determined  at  any  point  of  its 

a  be  the  mean  distance  of  the  planetary  body  from 

•  centre  of  gravity  of  the  snn,  or  the  greater  semidiamoter 

$  its  orbit  (the  radius  of  the  sun  being  taken  as  unity)  ;  and 

II  k  be  the  disUnee  of  the  same  body  at  any  point  of  its  orbit 

I  the  centre  of  gravity  of  the  sun ;  then  the  velocity, 

d  in  metres,  of  the  planet  at  the  distance  h  is 


^^V  2axh- 

kthe  moment  the  planet  comes  in  contact  with  the  solar  suT' 
I,  A  is  equal  to  1,  and  its  velocity  is  therefore 


Gx/?^ 
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It  foUowB  from  tbifl  fonuola  that  the  floulkr  S«  (or  As 
major  axis  of  the  orbit  of  a  planetary  bodj)  beoamea,  te 
less  will  be  its  velocity  when  it  reaches  the  smi.  This  Tdo- 
dty.,  like  the  major  axis,  has  a  minimum ;  for  so  long  as  tha 
planet  moves  outside  the  sun,  its  major  axis  cannot  be  shorter 
than  the  diameter  ^of  the  sun,  or,  taking  the  solar  radios  as  a 
unit,  the  quantity  2a  can  never  be  less  than  2.  The  smaBeit 
velocity  with  which  we  can  imagine  a  oosmical  bodty  to  azrife 
on  the  surface  of  the  sun  is  consequently 

GX  ^-446,750, 

or  a  velocity  of  60  geographical  miles  in  one  second. 

For  this  smallest  value  the  orbit  of  the  asteroid  is  dm- 
lar ;  for  a  larger  value  it  becomes  elliptical,  until  finally,  with 
increasing  excentricity,  when  the  value  of  2a  approaches  in- 
finity, the  orbit  becomes  a  parabola.  In  the  last  case  the 
velocity  is 

or,  85  geographical  miles  in  one  second. 

If  the  value  of  the  major  axis  become  negative,  or  tiw 
orbit  assume  the  form  of  a  hyperbola,  the  velocity  may  in- 
crease without  end.  But  this  could  only  happen  when  oosmi- 
cal masses  enter  the  space  of  the  solar  system  with  a  pnh 
jected  velocity,  or  when  masses,  having  missed  the  sun's  sur-' 
&ce,  move  into  the  universe  and  never  return ;  hence  a  ft' 
locity  greater  than  G  can  only  be  Regarded  as  a  rare  exo^ 
tion,  and  we  shall  therefore  only  consider  velocities  oon^Krised 
within  the  limits  of  60  and  80  miles.* 

The  final  velocity  with  which  a  weight  moving  in  a 

*  The  reUtive  velodty  also  with  which  an  asteroid  reaches  the  Bohr 
surface  depends  in  some  degree  on  the  Telocity  of  the  sun's  rotatioiL  W^ 
howerer,  as  well  as  the  rototory  eflbot  of  the  asteroM,  is  withoat 
and  may  be  neglected. 
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•traight  line  towards  the  centre  of  itie  eun  arrives  at  the  solar 
Murfhee  is  expressed  b^  the  formula 


-></¥. 


•^Aerein  c  expresses  the  final  velocity  in  metrcB,  and  h  thu 
•rigiiul  distaaco  frum  the  centre  of  the  sun  id  terms  of  solar 
.ndins.  If  tliia  formula  be  compared  with  the  foregoing,  it 
IfiD  b6  Been  that  a  moss  which,  afler  jDoving  in  central  mo-  * 
tkm,  arrives  at  the  son's  surface  has  the  same  relocitj'  as  it 
would  possess  bad  it  fallen  perpendiculurly  into  the  sun  from 
a  distance*  equal  to  the  major  axis  of  its  orbit ;  whence  it  is 
apparent  that  a  planet,  on  arriving  at  the  sun,  moves  at  least 
08  quickly  as  a  weight  which  falls  freely  towards  the  sun 
from  a  distance  as  great  as  the  solar  mdina,  or  96,000  geo- 
graphical miles. 

What  tliermal  effect  corresponds  to  such  velocities?  Is 
the  effect  sufficiently  p^at  to  play  an  important  part  in  the 
immense  development  of  beat  oa  the  sun? 

This  crucial  question  may  be  easily  answered  by  help  of 
Ihe  preceding  considerations.     According  to  the  formula  given 
at  the  end  of  Chapter  II.,  the  degree  of  heat  generated  by 
pcrcossioa  ia 
^p,  — 0-0O0139^Xc*, 

^^bkere  e  denotes  the  velocity  of  the  Hlriking  body  expressed  in 
^^Bnree.     The  velocity  of  an  asteroid  when  it  strikes  llie  bud 
^^eaaures  from  445,750  to  630,400  metres  ;  the  caloric  effect 
of  the  percusdon  is  consequently  equal  to  from  27  j^  to  55  mil- 
lions of  degrees  of  heatf. 

An  asteroid,  therefore,  by  its  fall  into  the  sun  developea 

•  Tim  dataitca  is  to  bo  counlcd  from  tbc  crntro  of  ihe  snu. 

t  TUroughoul  Ihia  mouoir  Uio  degrees  of  bent  are  expreswd  in  tba 
Ccniienule  Kale.  Unless  (Uteil  to  tbo  contnuy,  Uto  nouurei  of  length 
■re  ^Ten  ia  geognpUcal  mili*.  A  geognLpMaal  mile  -■  7430  melM^  and 
u  Engliib  mile  —  1608  melrea.— Ta. 


*n 
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Aom  4M0  to  9800  ifaiiM  as  nadi  iMd  ii^ivtMiU 

by  tfiB  comhniitifflB  of  ma  equal  mam  of  ccxL  '? 


lYw-^Bioiir  or  THX  suir's  hxat. 

nTsB  <]iiB0tloii  why  tihe  plunto  uofb  in  cui'fvd  oiWliy  ctk 
of  Iii6  grandest  of  problflniS)  was  bc^vbcL  by  iN^owton  in  ooa* 
■eqiience,  it  is  belftBTed,  of  Ids  reflecting  on  the  fid  of  an  <^ 
I^  TioB  stony  is  not  improbaiUe^  ferire  are  on  Hw  il|jkt 
trade  for  Hie  diseovery  of  troth  wlien  onoe  we  deailf  leofl^ 
nize  that  between  great  and  small  no  qnaBtatxye  bat  oaly|t 
qoantitatiye  difierenoe  exists— when  we  resist  the  soggestioas 
of  an  ever  active  imagination,  and  look  for  the  same  laws  lb 
the  greatest  as  well  as  in  the  smallest  processes  of  natore* 

This  nniyersal  range  is  the  essence  of  a  law  of  natmei 
and  the  touchstone  of  the  correctness  of  hnman  theories.  We 
observe  tilie  fall  of  an  apple^  and  investigate  the  law  whieh 
governs  this  phenomenon;  for  the  earth  we  sabstitnte  tlis 
snn,  and  for  the  mpple  a  planet,  and  thns  possess  onraehres  of 
the  key  to  the  mechanics  of  the  heavens. 

As  the  same  laws  prevail  in  the  greater  as  well  as  in  the 
smaller  processes  of  natore,  Newton's  method  may  be  iMsd  in 
solving  the  problem  of  the  origin  of  the  son's  heat.  We 
know  the  connexion  between  the  space  throogh  whidi  a  bodtf 
falls,  the  velocity,  the  vis  viva,  and  the  generatioii  of  heat  on 
the  sur&oe  of  this  globe ;  if  we  again  sobstitote  fortbe  eardi 
the  snn,  with  a  mass  350,000  greater,  and  for  a  hai^  of  a 
few  metres  celestial  distances,  we  obtain  a  generatioai  of^heat 
exceeding  all  terrestrial  measures.  And  sinoe  we  have  soft- 
dent  reason  to  assume  the  actoal  existence  of  sodli  mechani* 
eal  processes  in  the  heavens,  we  find  therein  the  oaly 
explanation  of  the  origin  of  the  beat  of  Hie  ABk 


OBieat  or  tm  Bm'c  hsat. 

^  The  &Gt  that  Uie  development  of  beat  by  mecbaQicaJ 
means  on  the  surface  of  ottr  globe  is,  aa  a  rule,  not  ao  great, 
and  cannot  be  bo  great  as  the  gcneralion  of  the  Bame  agent 
by  chemical  means,  as  by  combustion,  follows  from  the  lawa 
already  discussed  ;  and  this  fact  cannot  be  used  as  an  argu- 
ment Bgoinat  the  aasumplion  of  a  greater  development  of 
beat  by  a  grealer  expenditure  of  mechanical  work.  It  hajj 
been  Bbown  that  the  heat  generated  by  a  weight  falling  from 
a  height  of  3C7  metres  is  only  ;^th  part  of  the  heat  pro- 
duced by  the  combustion  of  the  same  weight  of  coal ;  juel  as 
email  is  the  amount  of  beat  developed  by  a  weight  moving 
with  the  not  iuconsideroble  velocity  of  85  metres  in  ona  sec- 
ond. But,  according  to  the  laws  of  mechanics,  the  effect  is 
proportional  to  the  square  of  the  velocity ;  if  therefore  the 
weight  move  100  times  faster,  or  with  a  velocity  of  8500 
metres  in  one  second,  it  will  produce  a  greater  effect  than  the 
combustion  of  an  equal  quantity  of  coal. 

It  is  true  that  ao  great  a  velocity  cannot  be  obtained  by 
human  meana  ;  everyday  experience,  however,  shows  the  de- 
velopment of  high  degrees  of  temperature  by  mechanical 
processes. 

In  the  common  flint  and  steel,  the  particles  of  steel  whieh 
arc  struck  off  are  sufBciently  heated  to  bum  in  air.  A  few 
blows  directed  by  a  skilfiil  blacksmith  with  a  sledge-hammer 
against  a  piece  of  cold  metal  may  raise  the  temperature  of 
the  metal  at  the  points  of  collision  to  redness. 

The  new  crank  of  a  steamer,  whilst  being  polished  by 
friction,  becomes  red-hot,  several  btickels  of  water  being  re- 
qaired  to  cool  it  down  to  its  ordinary  temperature. 

When  a  railway  train  passes  with  even  leas  than  its  ordi- 
nary velocity  along  a  very  sharp  curve  of  the  line,  sparks  are 
observed  in  consequence  of  the  friction  against  the  rails. 

One  of  the  grandeat  eonslrnetions  for  the  production  of 
motion  by  human  art  ia  the  channel  in  which  the  wood  was 
allowed  to  glide  down  from  the  steep  and  lolly  sides  of  Mount 
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pOatot  imo  Hm  phia  bflloir.  laib  vMd||i  .dMppd  llMl^ 
was  built  abool  thirtjjean  ago  bj  Hm  cngioMr  Jhv^jUDP 
9  En^^iali  miles  in  length ;  .the  lavgeei  taraeewwe  diet  4nv 
it  from  the  top  to  the.  bottom  of  the  mountain  la  aboat.tqp 
minntes  and  a  half.  The  mpynentom  poeeeaaed  bythe.lyy 
on  their  eacaping  at  their  joomej'a  end  from  the  channel  ny^^ 
aoffidentij  great  to  bnry  their  thicker  ends  in  the  groond  Jp 
the  depth  of  from  6  to  8  metres.  To  prevent  the  wood  grt- 
ting  too  hot  and  taking  fire,  water  was  oondactad  in  ximaf 
places  into  the  channel.  .^ 

This  stupendous  med&anical  process,  when  OQiiqparedwj||i 
cosmical  processes  on  the  sun,  appears  inflnitelj  amalL  .J^ 
the  latter  case  it  is  the  mass  of  the  sun  whidL  attnjcts,  aid 
in  lieu  of  the  height  of  Mount  Pilatns  we  haye  ^'f^^Piitff  o£^ 
hundred  thousand  and  more  miles ;  the  amount  of  heat  gens- 
ratod  hy  cosmical  ieJlB  is  therefore  at  least  9  miUiim  times 
greater  than  in  our  terrestrial  example. 

Bays  of  heat  on  passing  through  glass  and  other  tranfl^ 
rent  bodies  undergo  partial  absorption,  which  di£Eeni  in  de- 
gree, however,  according  to  the  temperature  of  the  source 
from  which  the  fteat  is  derived.  Heat  radiated  frt>m  aonroes 
less  warm  than  boiling  water  is  almost  oompletelj  stopped  Ij 
thin  plates  of  glass.  As  the  temperature  of  a  source  of  heat 
increases,  its  rajs  pass  more  copiously  through  diatheimie 
bodies.  A  plate  of  glass,  for  ezan^de,  weakens  the  rajs  of 
a  red-hot  substance,  even  when  the  latter  is  placed  very  dose 
to  it,  much  more  than  it  does  those  emanating  at  a  mai^ 
greater  distance  frx)m'  a  white-hot  body.  If  the  quality  of 
the  sun's  rays  be  «-ri»«iT^<Mi  in  this  respect,  their  diallwrmio 
energy  is  found  to  be  far  superior  to  that  of  aU  artifidal 
sources  of  heat.  The  temperature  of  the  focus  of  a  eoneave 
.  metallic  reflector  in  which  the  sun's  li^^  has  been  f^llfMHe^ 
is  only  diminished  from  one-seventh  to  one-eij^bth  bj  the  in- 
terpoeition  of  a  screen  of  gjass*    If  the  same  aiperinpntHbe 
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!  witli  an  tirtiGcial  and  luminous  Bource  of  heat,  it  is 
ind  thai,  though  the  focus  be  very  hot  when  the  screen  is 
BWBJ-,  ihe  inlerpoBition  of  the  hitter  cuts  off  nearly  all  the 
heat ;  moreover,  the  focus  will  not  recover  ita  Ibrmer  temper- 
ature when  reflector  and  screen  are  placed  safficiently  near  to 
the  BOnrce  of  heat  to  make  the  focus  appear  brighter  than  ft 
did  in  the  former  position  without  the  glass  screen. 

The  empirical  law,  that  Ihe  diathermic  energy  of  heat  in- 
freases  with  the  temperature  of  the  source  from  which  the 
heat  is  radiated,  teaches  us  that  the  sun's  surface  must  be 
much  hotter  than  the  most  powerfiil  process  of  combustion 
could  render  it. 

Other  methods  furnish  the  same  conclusion.  If  we  im^ 
gine  the  sun  to  be  snrronnded  by  a  hollow  sphere,  it  is  cleu 
that  the  inner  surface  of  this  sphere  most  receive  all  the  heat 
radiated  from  Ihe  snn.  At  the  distance  of  our  globe  &om  the 
eun,  such  a  sphere  would  have  a  radius  215  times  as  great, 
and  an  area  46,000  times  as  large  as  the  snn  himself;  those 
tmninoua  and  calorific  rays,  therefore,  which  meet  this  spheri- 
cal surface  at  right  angles  retain  only  u.mf^  part  of  their 
original  intensity.  If  it  be  further  considered  that  onr  at- 
mosphere absorbs  a  part  of  ihe  solar  rays,  it  is  clear  that  the 
rays  which  reach  the  tropics  of  our  earth  at  noonday  can 
only  possess  from  isjmoth  to  ^gafii  of  the  power  with  which 
they  started.  These  rays,  when  gathered  frvm  o  surface  of 
from  5  to  6  square  metres,  and  concentrated  in  an  area  of 
one  square  centimetre,  would  produce  about  the  temperature 
which  exists  on  the  son,  a  temperature  more  than  sufficient 
to  vaporize  platinum,  rhodium,  and  similar  metals. 

The  radiation  calculated  in  Chapter  III.  likewise  proves 
the  enormous  temperature  of  the  solar  surface.  From  the 
determination  mentioned  therein,  il  foUows  that  each  square 
eentimetre  of  the  sun's  surface  loses  by  radiation  about  81^ 

Els  of  heat  per  minute — an  immense  quantity  in  compari* 
with  teiTeBlrial  radiations. 
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Mure,  is  of  Uie  grealest  impoitance  to  niankiiid.  If  tiie  solai 
hettC  were  originuteii  by  a  chemical  process,  and  amoimled 
near  its  source  to  a  lempenitnTe  of  a  tew  ihoosand  degrees, 
it  woald  be  possible  for  tlic  light  to  reach  ns,  wlulsl  the 
greater  part  of  the  more  important  calorific  rays  woold  be  ftb- 
Borbed  by  the  higher  strUa  of  Our  atmosphere  and  then  re- 
turned  to  the  imiverse. 

Iq  coDseqacQce  of  the  high  temperature  of  the  emi,  bow* 
ever,  ow  atmosphere  is  highly  diathermic  to  bis  rars,  so  thai 
the  latter  reach  the  surface  of  our  e^rth  and  warm  it.  Tlw 
comparatively  low  temperature  of  the  terrestrial  surface  ii 
the  cause  why  the  heat  cannot  easily  radiate  back  through  ths 
atmosphere  into  the  universe.  The  atmosphere  acts,  lhM|d 
fore,  like  an  eaielope,  which  is  easily  pierced  by  the  s^lf 
rays,  bnl  which  offers  considerable  resistaacs  to  tbe  radiant 
heat  escaping  &om  our  earth  ;  its  action  resembles  that  of  a 
valve  whi^jh  allows  liqnid  to  pass  freely  la  one,  bat  stops  the 
flow  in  the  opposite  direction. 

The  action  of  the  atmosphere  is  of  ihe  greatest  impoi- 
fauice  as  regards  climate  and  meteorological  proc«sse8.  It 
must  raise  the  mean  temperature  of  the  earth's  surface.  Af- 
ter (he  setting  of  the  sun — in  fiact,  in  oil  places  where  his 
raja  do  not  reach  the  surface,  the  tcmperaluro  of  the  earth 
would  soon  be  as  low  as  that  of  the  oniTersc,  if  the  t 
I^ere  were  removed,  or  if  it  did  not  exist.  Even  the  poin 
All  solar  rays  in  the  tropics  would  be  unable  to  preserve  ^ 
ter  in  its  liquid  state. 

Between  the  greot  cold  which  would  rt 
and  in  all  places,  and  the  moderate  warmth  which  in  reality 
exists  on  our  globe,  intermediate  temperatures  may  bo  ima- 
gined ;  and  it  is  easily  seen  that  the  mean  temperature  would 
decrease  if  the  atmosphere  were  to  become  more  and  more 
rare.  Such  a  rarefitction  of  a  valve-like  acting  atmosphere 
actually  takes  place  as  we  ascend  higher  and  higher 
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Ae  level  of  the  sea,  and  it  is  ncmrdingly  and  neceaaarify  ao- 
eonpanied  by  a  eorreaponding  diminntion  of  l£inperatiiT«. 

This  well-known  fact  of  tbe  lower  mean  temperfiture  of 
places  of  greater  altitude  has  led  to  the  strangest  h^ftotheses. 
id's  rays  were  not  enppoeed  to  oontaia  all  the  coaditJonB 
fonrarming  a  body,  bm  to  set  in  motion  the  "  snbstance" 
of  heat  contained  in  the  earth.  This  *'  substance  "  of  heat, 
cold  when  at  rest,  was  attracted  by  the  earth,  and  was  there- 
ftire  found  in  greater  abundance  near  the  centre  of  the  globe. 
This  view,  it  was  thought,  explained  why  the  warming  power 
of  tlie  sun  was  so  much  weaker  al  the  top  of  a  mountain  than 
at  the  bottom,  and  why,  in  spite  of  his  immeose  radiation,  he 
detained  hts  flill  powers. 

This  belief,  which  especially  prevails  amongst  imporiectly 
informed  people,  and  which  will  scarcely  SDccunib  to  correct 
Ticws,  is  directly  contradicted  by  the  excellent  experimenta 
made  by  FouiUet  at  different  altitudes  with  the  pyrheliomet«r. 
These  experiments  show  that,  everything  else  being  equal, 
Uie  generation  of  beat  by  the  solar  rays  is  more  powerful  in 
bigher  altitudes  than  near  the  surface  of  otir  globe,  and  that 
Consequently  a  portion  of  these  rays  is  absorbed  on  tlicir  paa- 
Bage  through  the  atmosphere.  Why,  in  spite  of  this  partial 
absorption,  the  mean  temperature  of  low  aliiiudcs  is  never- 
flicless  higher  than  it  is  in  more  elevated  poRiiions,  is  ex- 
ftlained  by  the  fact  that  the  atmosphere  stops  to  a  for  greater 
degree  the  calorific  rays  emanating  from  tbe  eartb  than  it 
those  from  the  aun. 


v.— CONSTANCY   OF    THE    SUN'S    MASS 

Newton,  as  is  well  known,  considered  li^t  to  1 
•mission  of  luminous  particles  &om  the  stm.  In  the  t 
Bed  emission  of  light  this  great  philosopher  saw  a  cause  tend* 
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e  assumed,  in  order  to 


.Uaunith  ihe  solar  mass ; 
^^  ^'(xt  this  loas,  comets  and  other  cosinical  masses  lo  be 
Ibillr  felling  inlo  the  central  body, 
*yn  express  this  view  of  Newton's  in  the  language  of 
y  theory,  which  is  now  uniTereally  accepted,  we 
ft  results  developed  in  the  preceding  pages.  It  is 
Mr  theory  does  not  accept  a  pccnllar  ''substance" 
|bt  or  of  heat ;  nerertheless,  according  lo  it,  the  radia- 
tf  light  and  heat  consists  also  in  parcty  msierial  pro 
1^  in  a  sort  of  motion,  in  the  vibrations  of  ponderable 
iug  substances.     Quiescence  is  darkness  and  death ;  mv 

■  light  and  life. 

■  undulating  motion  proceeding  from  a  point  or  a  plane 
i  in  an  nnlimited  medinm,  cannot  be  imagined  apart 

Miolber  omnllaneous  modon,  a  translation  of  the  part^ 
licnselres ;"  it  therefore  follows,  not  only  from  the  em» 

t  also  from  the  nndalatory  theory,  that  mdiatimi  coo- 
Jij  diminishes  the  mass  of  the  snn.     Why,  nerertheleos, 

a  of  the  9itn  docs  not  really  diminish  has  already  been 

he  radiation  of  the  snn  is  a  oentriibgal  action  eqnivalcat 
iDtripetol  motion. 

le  caloric  effect  of  the  eentrifDgal  action  of  the  Bini  aa 
and  liy  direct  observation ;  it  amonnts,  according  lo 
a  one  minute  to  12,650  millions  of  cnbio  milai 
nl.  or  5-17  quadrillions  of  units  of  heat.  la  Chapter 
s  been  shown  that  one  kilogramme  of  the  mass  of  an 
rid  originates  from  27-5  to  55  miUions  of  units  of  heat ; 
lantily  of  co«xiical  masses,  therefore,  which  falls  orery 
G  Into  Ihe  sun  amonnts  lo  from  94,000  to  164,000  bO- 
of  kUogrammca. 

b  obtain  this  remarkable  resnlt,  we  inad«  om  of  a  meUiod 
ta  wslrilu^  motioa  is  pcrhipt  the  caoM  of  tbe^  nfiaUon  of  Iht 
ggncU  wlKn  in  the  DdgbbonAood  of  the  iW),  u  obsRvri  tf 


fbe  bsDiti  ac  die  aeai0$ns.  "'*'"*'*g 

baw«s  •31  :&e  cKdi.  Oor  cmaR  m  •S'^^^**'  to  theae.  Bf 
flsd  mlmlmimi  of  die  Tefeciqr  of  aovnd  m  ov 
ilmaiD,  die  rmtio  of  die  specific  beet  of  airim- 
tad,  Tzziiier  taaefaaat  rolmiie,  and  hj  tba 
oeis  t£  "ius  ^mnbcr  wc  Jrtwmiiie  die  qoaaatyof  href  gen^ 
rsied  *::7  ^ufrcsanical  wi^rk.  Tbe  heel  wlueh  arrires  firom  tte 
smai  a  rir-n  lime  on  a  snell  aor&ce  of  oar  ^^obe  aeiTes  M 
a  Mfls  iir  die  sleixleiioii  of  die  whole  ndiatmg  eflfect  of  die 
son:  i3]ii  liie  r-BsoIc  ct  &  aen»  of  obeerrmtions  and  weH- 
jnxzize*!  MinHfTigpcm  is  t2ie  qoaatitatiTe  determixiadon  of  dioee 
xsn^xsL  zuL3&»  -viii*^  the  sm  receivee  firom  the  space 
■■>i".nA  ■*^i:2.  he  ierAs  Krtii  his  rajs, 

X^asorec  \^  terrestrial  scaziiiards,  the  ascertained  number 
zt  X  zsizj  tLiIiciL?  ct  iilcgrammes  per  mmote  appears  in- 
.^^r^.Ig-  "Tiis  raaarirr-  howerer,  mar  be  brought  nearer  to 
.*i2^  ■*'!-* 7r«h>»T^<?c.  by  ci?mpan2on  with  odier  cosmical  mag- 
32C3»iis«.  Tie  zear»c  oelesdal  bodr  to  us  (the  moon)  has  a 
^ywfaw  ..*!  ilxc  »J»)  trillzoQS  of  kilogrammes,  and  it  would 
ser«cbr9  ccT^r  tiu  expenditure  of  the  son  for  fiiom  one  to 
T^r:  T^ATS^  The  icas  of  the  earth  would  afford  nourishment 
a?  dxe  35E3L  ?^  a  reriod  of  £rom  60  to  120  years. 

X?  £&iw-£Iis&r«  the  appreciation  of  the  masses  and  the  dis- 
sa30»  occrrrraLX  in  the  planetarr  system,  Herschel  draws  the 
sc^cwisu:  rk-nre.  Let  the  sun  be  represented  by  a  globe  1 
z>fcre  iz  iSacseter.  The  nearest  planet  (Mercury)  will  be 
aVc:  a5  lirce  as  a  pepper-corn,  3|  millimetres  in  thickness, 
a:  a  di:$:azce  of  40  metres.  78  and  107  metres  distant  from 
the  nn  win  more  Venus  and  the  Earth,  each  9  millinietres  in 
diameter,  or  a  little  larger  than  a  pea.    Not  much  more  than 
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•  qiuuier  of  a  metre  &om  the  Earth  will  be  the  Moon,  the 
■izD  of  a  mostard  eeed,  2j  millimetrea  ia  diameter.  Mars, 
at  a  dietance  of  ICO  metrca,  will  have  about  hall'  the  diam^ 
ter  of  the  Earth  ;  and  the  smaller  planets  (Vesta,  Hebe,  Ab* 
trea,  Juno,  Pallas,  Ceres,  &c.),  at  a  distance  of  from  250  to 
SCO  metrca  from  the  sun,  'will  resemble  particles  of  sand. 
Jnpil«r  and  Saturn,  560  and  1000  metres  distant  from  the  cen- 
tre, will  he  represenicd  by  oranges,  10  and  9  centimetres  in 
diameter.  Uranus,  of  the  size  of  a  out  4  centimetres  acrosa, 
will  be  2000  metres ;  and  Neptune,  as  large  aa  an  apple  6 
centimetres  in  diameter,  wiU  he  nearly  twice  as.  distant,  or 
■boat  half  a  geographical  mile  away  from  the  aim.  From 
Xeptune  to  the  nearest  fixed  star  will  be  more  than  2000  geo- 
graphical miles. 

To  complete  this  picture,  it  is  necessary  to  imagine  finely- 
divided  matter  grouped  io  a  diversified  manner,  moving  slowly 
and  graduaDy  towards  the  large  central  globe,  and  on  its  ar- 
rival attaching  itself  thereto ;  thia  matter,  when  favourably 
illaiainated  by  the  sun,  represents  itself  to  ua  D«  the  zodiacal 
light.  This  nebulous  substance  forms  also  an  important  part 
of  a  creation  in  which  nothing  is  by  chance,  but  wherein  all 
is  arranged  with  Divine  foresight  and  wisdom.  _ 

The  surface  of  the  sun  measures  1I5,000  milliooB  oE 
square  miles,  or  6J  trillions  of  square  metres ;  the  mass  of 
matter  which  in  the  shape  of  asteroids  falls  into  the  sun  every 
minnle  is  from  94,000  to  188,000  billions  of  kilogrammes ; 
one  square  metre  of  solar  surface,  therefore,  receives  on  as 
average  from  15  to  30  grammes  of  matter  per  mimite.  J 

To  compare  this  process  with  a  terrestrial  pbenomenou^  ^ 
gentle  rain  may  be  considered  which  sends  down  in  one  hour 
a  layer  of  water  1  millimetre  in  thickness  (during  a  thunder- 
a  the  rainfall  is  often  from  ten  to  fifteen  times  this  qnao- 
tity)  ;  iliJH  amounts  on  a  square  metre  to  17  grar 
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oQg^  to  iaerMM  te^olnte  M^AiilH  ftiiiri{i|l 
MUripetal  aotaon  ooij  existed.  Tte  iffaijB  «f  VdMlf 
eoald  Mwoelybe  «ppreciatod  Iijiimb;  Ibr^if  die  wfkt^KW'jgtiH^ 
i^oftiuee  oomdeel  mewm  be  mmmmii6'hB'iaii§Wm*4i 
tint  of  tbe  eiiny  tlie  enbtgemenft  of  lus  fniitteat  Mliiniilii"ift^ 
the  extant  of  one  eeeood,  the  nnalleet  mppnMtHm  nmgtliMII^ 
would  reqaiie  fiom  SS^OOO  to  M,000  jmxB.  "^ 

Not  quite  00  im^fvpreciable  woaM  be  the  jncreeee  ef '■tt' 
HUUM  of  the  eon.  If  this  mais,  or  the  irelgfai  of  the'  iHii; 
were  axigmentod,  an  aeoeleratioii  <^  the  teotioa  of  AepUMl 
in  their  orbits  would  be  the  eoneeqiiflnoe,  whereby  their  flMi 
of  revohition  round  the  central  bodf  wooid  be  AorttHNiC' 
Hie  mass  of  the  son  is  2-1  qmntOfioiis  of  kSogmamef ;  aMi 
the  mass  of  tbe  oosmical  matter  annnallf  arrlfiag  i^  flie  son 
stends  to  the  above  as  1  to  from  21  -—42  millions,  Svdi  aaf 
angmentation  of  the  weig^  of  tbe  snn  ought  to  shorten  ihff 
sidereal  jear  from  ujMjSA^  to  ujSSSfiifi^  ^  ^  lengthy  or  fttm' 
f  ths  to  f  ths  of  a  second. 

The  observations  of  astronomers  do  not  agree  witb  tiiii 
conclusion ;  we  must  therefore  fiJl  back  cm  ib»  theoiy  meiH 
tioned  at  tbe  begiuning  of  this  chapter,  which  assumes  HitA 
the  sun,  like  the  ocean,  is  constantlj  losing  and  reoeiviDg 
equal  quantities  of  matter.  This  harmonizes  with  the  suppo- 
sition that  tbe  1^  viva  of  tbe  universe  is  a  constant  qoantitf  • 


YI.— THE   SPOTS   OK  THE  SUK*S  DISO. 

The  solar  disc  presente,  according  to  Sir  John  HerscUf 
tbe  following  appearance.  ^^When  the  sun  is  obeerreS 
tbrou^  a  powerful  telescope  provided  witb  coloured  i^asNe 
in  order  to  lessen  ibA  beat  and  bri^^tness  whicii  wooid  te 
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hurtful  to  the  ej'es,  largo  dark  spots  are  oflan  eecu  BUrrounded 
b;  edges  whidi  are  not  quite  so  dark  as  tho  spots  themselves, 
and  which  are  called  pcaombrto.  These  spot^,  however,  are 
neither  permanent  uor  unchangeable.  When  observed  from 
day  to  day,  or  even  I'rom  hour  to  hour,  their  form  is  seen  to 
change ;  tbej  expand  or  contract,  and  flnally  disappear ;  on 
other  parts  of  the  solar  surface  new  spots  spring  into  exjgt- 
ence  where  none  could  be  discovered  before.  When  they  dis- 
appear,  the  darker  part  in  the  middle  of  the  spot  contracts  to 
a  point  and  vanishes  sooner  than  tho  edge.  Sometimes  they 
break  up  into  two  or  more  parts  tliat  show  all  the  signs  of 
mobility  characteristic  of  a  liquid,  and  the  extraordinary 
commotion  which  it  seems  only  possible  for  gaeooua  matter  to 
possess.  The  magnitude  of  their  motion  is  very  great.  An 
arc  of  1  second,  as  seen  from  onr  globe,  corresponds  to  465 
English  mUes  on  the  sun's  disc ;  a  circle  of  this  diameter, 
which  measures  nearly  220,000  F.ngliah  square  miles,  is  the 
smallest  area  that  can  be  seen  on  the  solar  surface.  Spots, 
however,  more  than  45,000  English  miles  in  diameter,  and, 
if  we  may  trust  some  statements,  of  even  greater  dimensions, 
have  been  observed.  For  such  a  spot  to  disappear  in  the 
course  of  six  weeks  (and  they  rarely  lost  longer),  the  edges, 
wliUst  approaching  each  other,  must  move  through  a  space  of 
more  tlian  1000  miles  per  diem. 

"  That  portion  of  tlie  solar  disc  which  is  free  from  spots 
is  by  no  means  uniformly  bright.  Over  it  are  scattered  small 
dark  spots  or  pores,  which  are  found  by  careful  observation 
to  be  in  a  state  of  continual  change.  The  slow  sinking  of 
some  chemical  precipitates  in  a  transparent  liquid,  when 
viewed  from  the  upper  surface  and  in  a  direction  perpendicu- 
lar thereto,  resembles  more  accurately  than  any  other  phe- 
nomenon the  changes  which  the  pores  undergo.  The  similar- 
ity is  so  striking,  in  fact,  that  one  can  scarcely  rcsbt  the  idea 
t  the  appearances  above  describad  are  owing  to  a  luminous 
a  moYtng  about  in  a  non-luminous  atmosphere,  either 
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Bko  r^*'Tr*T,  or  in  lajs  Eks  the 

^^Neer  large  qpote,  or  eiteOBftt  ffoqps  of 
i|neee  aie  obecrfed  to  be  eoffwed  widi  |wwBii\y  miifcii 
Umo  mndi  brii^btar  than  the  otiHr  parts  of  tho  ailhoai 
Inwa  aio  carved,  or  deviate  in  bnBKhea,  and  an  oaBed 
Spots  are  often  aeen  betwewi.tfaeae  Hnea,  or  to 
Theae  axe  in  all  probafailitjr  the  cwalaof  immenae  vfrnfea-M 
flie  faiminoiia  r^giona  of  the  aoiar  ataKMplierey  and  1iaar->iril> 
neaa  to  violent  actiioii  in  thair  iminediato  — 'W^VfuriJaMrdi^  '^' 

The  changea  on  the  aokr  an&ee  evidently  point  toiki 
action  of  aome  external  diatoibing  Ibree;  fiv  eveiynMvim 
powerieaidant in  the  son itaelf  om^toezhaiaat  itaelf  IjilB 
own  action,  llieae  diangea,  theEefiDte,  aie  no  vniinpailflit 
oonfiimation  of  the  theory  explained  in  theae  pogoa. 

At  the  same  time  it  nnut  be  obaerved  that  our  knowlidge 
of  physical  heliographj  ia,  from  the  natore  of  the  anlsjeet^ 
very  limited ;  eyen  the  meteorologiGal  proceana  and  oyar  ph^ 
nomena  of  our  own  planet  are  sdU  in  mai^  reapeeta  •**^g-*^*- 
leaL  For  this  reason  no  q>ecial  information  ooold  be  given 
aboot  the  manner  in  which  the  solar  aorftoe  iaaffecfeed  hf 
comnical  masses.  HowcTer,  I  may  be  allowed  to  mantion 
some  {HTobable  oonjectores  which  ofier  themaeivea. 

The  extraordinarily  high  temperature  whidi  exiala  on  Aa 
ann  almoat  predodes  the  possibility  of  its  sor&ce  heing  ablid| 
it  doubtless  consists  of  an  nninterropted  ocean  of  fteiy  Md 
matter.  This  gaseous  envelope  becomes  more  rarefied  in 
those  parts  ihost  distant  from  the  son's  centre. 

As  most  substances  axe  able  to  assume  the  gaaeona  stale 
of  aggregation  at  hi^  temperatures^  the  heig^  of  the  aaA 
atmosphere  cannot  be  inconsiderate.  There  are,  however, 
sound  reasons  for  believing  that  the  rehUive  hei^t  of-  the  mh 
lar  atmosphere  is  not  very  great. 

Since  the  gravity  is  28  times  greater  on  the  aun'a  aorftee 
than  it  is  on  our  earth,  a  cofamm  of  air  on  the  Ibnnar 
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eaiue  »  pressiire  28  timea  greater  than  it  wonld  on  our 
globe.  Tliis  great  pressure  compresses  air  as  much  as  a  tem~ 
peratore  of  8000^  would  expand  it. 

In  a  still  greater  degree  than  this  increased  gravity  do  the 
qoalitiee  peculiar  to  gases  affect  the  height  of  the  solar  atmo- 
sphere. In  consequence  of  these  properties,  the  density  of 
our  atmosphere  rapidly  diminishes  as  we  ascend,  and  increases 
as  we  descend.  Geucrally  speaking,  rarefaction  increases  in 
s  geometrical  progression  when  the  hcighls  are  in  an  arith- 
metical progression.  If  we  ascend  or  descend  2J,  5,  or  80 
milofl,  we  find  our  atmosphere  10,  100,  or  a  billiou  timea  more 
nnfied  or  more  dense. 

This  law,  although  modified  by  the  unequal  lemperatnree 
of  the  different  layers  of  the  photosphere,  and  the  imknown 
chemical  nature  of  the  substances  of  which  it  is  composed, 
also  hold  good  in  some  measure  for  the  sun.  As,  how- 
the  mean  temperature  of  the  solar  atmosphere  must 
«oiiB)derably  exceed  that  of  onr  atmosphere,  the  density  of  iLe 
will  not  vary  so  rapidly  with  the  height  as  the  lattar 
does.  Il'  we  assume  ibis  increase  and  decrease  on  the  sim  to 
fee  ten  times  slower  than  it  ia  on  our  earth,  it  follows  that  Bt 
beighia  of  25,  50,  and  300  miles,  a  rarefaction  of  10, 
100,  and  a  billion  times  respectively  would  be  observed.  TIm 
■olar  atmosphere,  therefore,  does  not  attain  a  height  of  400 
l^ographical  miles,  or  it  cannot  be  as  much  as  ^th  of  the 
radius.  For  if  we  take  ^e  density  of  the  lowest  strata 
^fit  the  sun's  atmosphere  to  be  1000  times  greater  that  that  of 
,4>ar  own  near  the  level  of  the  sea,  a  density  greater  than  that 
f^  wat«r,  and  necessarily  too  high,  then  at  a  height  of  100 
Biilea  this  atmosphere  would  be  10  billion  times  less  dense 
tlian  the  earth's  atmosphere  ;  that  is  lo  say,  to  human  com- 
prehension it  bos  ceased  to  exist. 

This  discussion  sliows  that  the  solar  atmo^hcre,  in  comr 
poriflob  with  the  body  of  the  sun,  has  only  an  insignificant 
d;  at  the  same  time  it  may  be  remarked  that  on  the 
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Til— THE    TIDAL    WAVE. 


In  almost  eveiy  case  the  forces  and  motions  on  the  but- 
&ce  of  the  earth  toa-j  be  traced  back  to  the  rays  of  the  son. 
Some  procesaea,  however,  form  a  remarkable  exception. 

One  of  these  ia  the  tides.  Beautiful,  and  in  some  re- 
spects cxhanative  researches  on  this  phenomenon  have  been 
Diaile  b^  Nenton,  Laplace,  and  others.  The  tides  are  caused 
by  the  attraction  exercised  by  the  smi  and  the  moon  on  the 
mOTeable  parts  of  the  earth's  surface,  and  by  the  axial  rotar 
tiOQ  of  our  globe. 

The  alternate  rising  and  falling  of  the  level  of  the  sea 
may  be  compared  to  the  ascent  and  descent  of  a  pendultim 
oscillating  midcr  the  influence  of  the  earth's  attraction. 

The  continual  resistance,  however  weiik  it  may  be,  which 
an  instmment  of  this  nature  (a  physical  pendulum)  suffers, 
constantly  shortens  the  amplitude  of  the  oscillations  which  it 
performs ;  and  if  the  pendulum  be  required  to  continne  in 
uniform  motion,  it  must  receive  a  constant  supply  of  via  t-iva 
corresponding  to  the  resistance  it  has  to  overcome. 

Clocks  regnlated  hy  a  pendulum  obtain  such  a  supply, 
either  from  a  raised  weight  or  a  bent  spring.  The  power 
coDsomed  in  raising  the  weight  or  in  bending  the  spring, 
irhich  power  ia  represented  by  the  raised  weight  or  the  bent 
spring,  overcomes  for  a  time  the  resistance,  and  thus  secures 
the  uniform  motion  oF  the  pendulum  and  clock.  In  doing  so, 
tlie  weight  sinks  down  or  the  spring  uncoils,  and  therefore 
force  most  be  expended  in  winding  the  dock  up  again,  or  it  ' 
would  stop  moving. 

Essentially  the  same  holds  good  for  the  tidal  wave.  The 
moving  waters  rub  against  each  other,  against  the  shore,  and 
against  the  atmosphere,  and  thus,  meeting  constantly  with  re- 
sistance, would  soon  come  to  rest  if  a  vii  viva  did  not  exist 
competent  to  overcome  these  obstacles.     This  vi*  viva  is  t&« 
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rotation  of  the  esTth  on  its  axis,  and  the  dimiiiDdon  and  final 
exhaoBtioD  thereof  will  be  a  consequence  of  bucIi  an  action. 

The  tidal  wave  causes  a  diminution  of  the  velocity  of  tkt 
rotation  of  the  earth. 

This  important  conclusion  can  be  proved  in  difierent  vay& 

The  attraction  of  the  sun  and  the  moon  disturbs  the  eqo^ 
librium  of  the  moveable  parts  of  the  earth's  surface,  so  as  tQ 
move  the  walers  of  the  sea  towards  the  point  or  meridio^ 
above  and  below  wliich  the  moon  cnkaiiiatos.  K  the  waleiV 
oould  move  without  resistBUce,  the  elevated  ports  of  the  tidal 
wave  would  exactly  coincide  with  ibo  moon's  meridian,  i 
nnder  such  conditions  no  consumption  of  via  cii^a  could  ti 
place.  In  reality,  however,  the  moving  waters  eipcrienc* 
reBiBtance,  in  cousequence  of  which  the  flow  of  the  tid^ 
wave  is  delayed,  and  high  water  occurs  in  the  open  sei 
the  average  about  2^  hours  after  the  transit  of  the  i 
throiigh  the  meridian  of  the  place. 

The  waters  of  the  ocean  move  from  west  and  east  lowarda 
the  meridian  of  the  moon,  and  the  more  elevated  wave  is 
the  reason  above  stated,  always  to  the  east  of  the  moon's 
ridian  ;  hence  the  sea  must  press  and  flow  more  powerful^ 
&om  east  to  west  than  from  west  to  east.  The  ebb  and  flov 
of  the  tidal  wave  therefore  consists  not  only  in  an  altcmatv 
rising  and  falling  of  the  waters,  but  also  in  a  slow  progressitB 
motion  from  cast  to  west.  The  tidal  wave  produces  a 
eral  western  current  in  the  ocean. 

This  current  is  opposite  in  direction  to  the  earth's  rota- 
tion, and  therefore  its  friction  against  and  collision  with  ll 
bed  and  shores  of  the  ocean  must  oScr  everywhere  Fosistanoa; 
to  the  axial  rotation  of  the  earth,  and  diminish  the  via  viva  of 
ita  motion.  The  earth  here  plays  the  port  of  a  fly-wheeL 
The  moveable  parts  of  its  surface  adhere,  so  to  speak,  to  tha 
relatively  fixed  moon,  and  are  dragged  in  a  direction  opposils 
to  that  of  the  eartli's  rotation,  in  consequence  of  which,  i 
tion  takes  place  between  the  solid  and  liquid  parts  of  this  f 
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el,  reaialance  is  overcome,  and  the  given  rotatory  effect 

inished. 

Water-mills  have  been  turned  by  the  action  of  the  tides ; 
the  effects  produced  by  such  an  arrangement  are  tliatinguished 
in  a  remarkable  manner  &om  those  of  a  mill  turned  by  a 
moontain-stream.  The  one  obtains  the  vis  viva  with  which 
it  works  from  the  earth's  rotation,  the  other  from  the  eon's 
radiation. 

Various  causes  combine  to  incessantly  maintain,  partly  in 
an  undulatory,  partly  in  a  progreBBive  motion,  the  waters  of 
the  ocean.  Besides  the  ioflnence  of  the  sun  and  the  mooD  aa 
the  rotating  earth,  mention  must  be  made  of  the  influenoe  of 
the  movement  of  the  lower  strata  of  the  atmosphere  on  the 
surface  of  the  ocean,  and  of  the  different  temperalnrea  of  the 
sea  in  various  climates ;  the  configuration  of  the  shores  and 
the  bed  of  the  ocean  likewise  exercise  a  manifold  influence  on 
the  velocity,  direction,  and  extent  of  the  oceanic  currents. 

The  motions  in  our  atmosphere,  as  well  aa  those  of  the 
ocean,  presuppose  the  existence  and  constunption  of  vii  viva 
to  overcome  the  continual  resistances,  and  to  prevent  a  slate 
of  rest  or  equilibrium.  Generally  speaking,  the  power  neces- 
eary  lor  the  production  of  aerial  currents  may  be  of  threefold 
origin.  Either  the  radiation  of  the  sun,  the  heat  derived 
Itom  B  store  in  the  interior  of  the  earth,  or,  lastly,  the  rota- 
toiy  effect  of  the  earth  may  be  the  source, 

Aa  far  as  quantity  is  concerned  the  sun  is  by  for  the  most 
important  of  the  above.  According  to  PooiUet's  mensure- 
ments,  a  square  metre  of  the  earth's  surface  receives  on  the 
average  4-108  imits  of  heat  from  the  sun  per  minute.  Since 
one  anil  of  heat  is  equivalent  to  367  Em,  it  follows  that  one 
square  metre  of  the  surface  of  our  globe  receives  per  minute 
an  addition  of  vis  viva  equal  to  1620  Km,  or  the  whole  of  the 
earth's  surface  in  the  same  lime  825,000  billions  of  Km.  A 
power  of  75  Km  per  second  is  called  a  horse-power.  Ac- 
cording to  this,  the  effect  of  the  solar  radiation  in  mechanical 


OB  OM  sqaan  BHfere  of  ihm  ernVs  flm&oe  irodU  Ibe 
equal  to  0-36,  and  the  total  effect  tat  the  wlkofe  ^obe  180  bO- 
IkBM  of  hoiic  powers.  A  not  meoiiBdenfaie  pardm  <rf  this 
ouuiUMmi  ffOMBtitf  of  vti  vita  is  coDSomed  in  the  prodoeliQii. 
of  atmospheric  actkns,  in  eooaeqocnee  of  which  nnniaogB 
are  act  op  in  the  earth's  atmosphere. 
In  spite  of  their  great  TSrietj,  the  atmo^iheric  cDrreals 
T  W  reilaced  to  a  single^type.  In  conseqnence  of  the  vds- 
of  the  earth  in  diflEerent  degrees  <if  latitnde,tk6 
ur  of  the  polar  regions  passes  in  an  mdor 
the  equator;  whereas  the  heated  air  of  the 
to  the  hi|dier  parts  of  the  atmosphere,  sad 
eatt>wards  the  poles.  In  this  maoner  the  air 
pertocms  a  arcnitoiis  motioQ. 
^~  V  'cw^  ihas  these  currents  are  essentiallj  modified  hj 
SSK  nvcua  ic  aie  earth  on  ie  axis.  The  polar  carrents,  with 
:?\»r  ^cmahir  TKUcrj  Telodxr.  recelTe  a  modon  from  east  to 
mncwT'  >i  :ibfi  earth's  rotadoo.  and  the  eqoatorial  cur- 
j«t>  r»nn.  w«ic  ft?  east  in  adrance  of  the  axial  rotation 
C)«.  .«vu.  r^iid  xromer  of  these  currents*  the  easterly 
mac  amittua  :ae  rcciasrj  ei&ct  of  the  globe,  the  lat- 
ta.s  t%  xTt»tx.rry  ^^TSMtk  sosc  increase  the  same  power.  The 
Aim  >^aat  a  uh  JiAtun  iC  :3i»e  opposed  infinencea  i&,  as  re- 
■ftWt'  d«  ^<«ttawtt  A  2M  aiztai.  ftkTordin^  to  weD-known  me- 
'^M.T^.iNk  *r**.-.-i<(Mcs  ^J  ifTWtK  cnrrents  counteract  each 
.v»^i  -  «f«h.  tihn^tn'rs  .aiaaic  ^ssf  die  Least  indnence  on  the 
«..-*i.    v>i»«r«i«  ^   iM  MT-^IU     rb»  inzDcrtaat  coocfaision  was 


4i<v    )ut4rt^  jvwit  3T  everr  mtagmaMe  action 
-<.i<.>«   >.  i««.t9«».  MiKx^  \*  ifetf  TBOaas  ^eac  of  the  son,  or  bj 


.«.     « M    ^.-f^**   <M**fl««^  ii«  ivrisL'v  xvnr  die  earth's  interior, 

•  ^,.  %,.    vv   ^•*rtjat  ^  tt  tiw  44r.  Ji  an  wTBaer.  or  on  the  land. 

-v    ..<i^.    ,    «tri«  >u;^|^ -iMttwtt  7rMnf«i  ^7  dseee  means  on 

«.    v.^7^^.-    I,   tii^  Qimv^  :y  JMtftpr  >!vinynHaafii  br  the  eftct 

.  ^Hti.^.   «ka^«i  IS  «a  jRiMeda  jreettn:  so  that  the  resoifi- 
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it  of  all  these  moliona  is,  as  &r  aa  the  axial  rotalioa  of  the 
'  globe  is  concerned,  =  0, 

In  those  actions  known  aa  tho  tides,  snch  compensatioa, 
however,  does  not  take  place ;  for  the  preBsnre  or  pnll  by 
which  they  are  prodnced  is  always  stronger  from  east  to  west 
than  from  west  to  east.  Tho  currents  caused  by  this  pull 
may  ebb  and  flow  in  different  directioas,  but  their  motion  pre- 
dominates in  that  which  is  opposed  to  tho  earth's  rolaljon. 

The  velocity  of  the  currents  caused  by  the  tide  of  the  at- 
mosphere amonnts,  according  to  Laplace's  calcalatioQ,  to  not 
more  than  75  milUmotrcB  in  a  Becond,  or  nearly  a  geographi- 
cal mile  in  twenty-four  hours  :  it  is  clear  that  much  more 
powerful  effects  produced  by  the  snn's  heat  would  hide  this 
action  from  observation.  The  influence  of  these  air-currents, 
however,  on  the  rotatory  effect  of  the  earth  is,  according  to 
the  laws  of  mechanics,  exactly  the  same  as  it  would  be  were 
the  atmosphere  undisturbed  by  the  sun's  radiant  heat. 

The  combined  motions  of  air  and  water  are  to  be  regarded 
from  the  same  point  of  view.  If  we  imagine  the  influence 
of  the  sun  and  that  of  the  interior  of  our  globo  not  to  exist, 
the  motion  of  the  air  and  ocean  from  east  to  west  is  still  left 
as  an  obstacle  to  the  axial  rotation  of  the  earth. 

The  motion  of  the  waters  of  the  ocean  from  east  to  west 
was  long  a^  verified  by  observation,  and  it  is  certain  that 
the  tides  are  the  moat  effectual  of  ihc  causes  to  which  this 
great  westerly  ourrent  is  to  bo  referred. 

Besides  the  tidal  wave,  the  lower  air-currents  moving  in 
the  same  direction,  the  trade-winds  of  Iho  tropics  especially, 
may  he  assigned  as-  causes  of  this  general  movement  of  the 
waters.  The  westerly  direction  of  the  latter,  however,  is  not 
confined  lo  the  region  of  easterly  winds ;  it  is  met  with  in  the 
region  of  perpetual  ealme,  where  it  possesses  a  velocity  of 
nVeral  miles  a  day ;  it  is  observed  far  away  from  the  tropics 

I  north  and  south,  in  regions  whore  westerly  winds  pro- 


«r  ft  coKnl  modM  dC 

to  &e  Iftwscf  lif- 

«r  ktilftdtt 

»  ftpv  itfPAiiiy  1^  cqftftior,  and  tf 

of 
totiion 
of  the  eold  mder 
i^  «f>Dt.  and  of  the 
:»  tenser  to  &e  pofes.  The  wateraof  IbekU 
«r.  ^  Tzrs3k»  of  ^e  pvascr  tgluqij  of  rotatkn  aft  ^m  eqoa- 
IBDT.  iLTWi  iw  i^  ^^tf*. '  GBvard  uiutLiUB  a  diiiwtiufi  firom  wost  to 
ea<c.  I:  S«  &  fcrikr:^?  procf  cf  the  prepooderatmg  inflaenoe 
r£  -fsii  li'^ftZ  ^v^Tr  Trai-  c  fpiie  of  this,  the  xnotkm  of  the 
c<tgJ=.  ^  :2.  tbe  '■^>>  E  as  oproate  direction. 

Tiif  nrr  LTfi  exprrks^  thus  agree  in  the  resoh  that  the 
icfcH!!-!^  rt  tLe  ZDfxn  rm  die  rotating  earth  eaiues  a  motioii 
.df  r^-^'^t^nr  ^rxDcn  east  to  west  in  both  atmoephere  and 
cieea=^  T^if  r>roc=:i  c:ii««  eontiniiaDT  <iiininiA  the  rotatorf 
e5e!t  rf  'ibe  €ar±.  for  warn  of  an  opposite  and  compenBatiDg 


Tb»  iordr^a!  rressnr?  of  the  tidal  wave  against  the  axial 
20:a5cc  cf  ibe  earth  rsar  also  be  deduced  from  statical  laws. 

TSf  rr^TTiadc^  of  the  moon  affects  without  exception  all 
««r:5  ci  the  £k>be.  Let  the  earth  be  divided  by  the  plane  of 
^)e  laeri'iiAn  in  which  the  moon  happens  to  be  into  two  hemi- 
«chere5«  oise  to  the  east,  the  other  to  the  west  of  this  merid- 
ian. 1: 15  clear  that  the  moon,  by  its  attraction  of  the  east- 
em  hemisphere,  tends  to  retard  the  motion  of  the  earth,  and 
bv  it?  attracdon  of  the  western  hemisphere,  to  accelerate  the 
same  rotation. 

Under  certain  conditions  both  these  tendencies  coiil)>en8ata 
each  other,  and  then  the  action  of  the  moon  on  the  earth's 
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rotation  b»comee  sero.  This  bappens  wbeii  both  hemispherei 
are  arranged  in  a  certain  manner  Bymmctrically,  or  when  no 
part«  of  the  earth  can  change  their  relative  position ;  in  the 
lfttt«r  case  a  sort  of  STmmetry  is  prodnced  by  the  rotation. 

The  form  of  the  earth  deviates  from  a  perfectly  symmet- 
rical sphere  on  account  of  the  three  following  causes : — (1) 
the  flattening  of  Iho  poles,  (2)  the  mountains  on  the  surface, 
and  (3)  the  tidal  wave.  The  first  two  causes  do  not  change 
the  Telocity  of  the  earth's  aiinl  rotation.  In  order  to  com- 
prehend clearly  the  effect  of  the  tidal  wave,  we  shall  imagine 
the  earth  to  bo  a  perfectly  symmetrical  sphere  uniformly  sur- 
rousded  by  water.  The  attraction  of  the  sun  and  tlio  moon 
disturbs  the  equilibrium  of  this  mass,  and  two  fiat  mountains 
of  water  are  formed.  The  top  of  one  of  these  is  directed 
towards  the  moon,  and  the  summit  of  the  other  is  turned 
away  from  it,  A  straight  line  passing  through  the  tops  of 
tbese  two  mountains  is  called  the  major  axis  of  this  earth- 
spheroid. 

In  this  state  the  earth  may  be  imagined  to  be  divided 
into  three  parts — a  smaller  sphere,  and  two  spherical  seg- 
ments atlacbcd  to  the  opposite  sides  of  the  latter,  and  repre- 
senting the  elevations  of  the  tidal  wave.  The  attraclion  of 
the  moon  on  the  small  central  sphere  does  not  change  the  ro- 
tation, and  we  have  Iherelbrc  only  to  consider  the  infiuence 
of  this  attraclion  on  the  two  tidal  elevations.  The  upper  ele- 
vation or  mountain,  the  one  nearest  ihe  moon,  is  attracted 
towards  the  west  because  its  mass  is  principally  situated  lo  the 
east  of  the  moon,  and  the  opposite  mountain,  which  is  to  th^ 
west  of  the  moon,  is  attract<«d  towards  the  east.  The  upper 
tidal  elevation  is  not  only  more  powerfuDy  attracted  because 
it  is  nearer  to  the  moon,  but  also  because  the  angle  under 
which  it  is  pulled  aside  is  nn>re  favourable  for  lateral  defieo 
tion  than  in  the  case  of  the  opposite  protuberance.     The  pres- 

B  from  east  to  west  of  the  upper  elevation  preponderates 

refore  over  the  pressure  from  west  to  east  of  the  opposite 
13" 


I 
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moimtam  ;  according  to  calmlation,  these  qoantidea  stand  to 
each  other  nearly  as  14  to  13.  From  the  relative  position  of 
these  two  tidal  protubcniQces  aad  the  moon,  or  the  ancliange* 
able  position  of  the  major  aiie  of  the  earth-Bpheroid  towarda 
the  centre  of  gravity  of  the  moon,  a  pressure  reenlle,  which 
preponderates  Irom  east  to  west,  and  offers  an  obstacle  to  the 

If  gra-ritation  were  to  bo  compared  with  magnetic  atint^ 
tion,  the  earth  might  be  considered  to  be  a  large  magnet,  one 
pole  of  which,  being  more  powerfully  attracted,  would  repre- 
sent the  nppcr,  and  the  other  pole  the  lower  tidal  clevatioD. 
As  the  upper  tidal  wave  tends  to  move  towards  the  mooD,tbe 
earth  would  act  like  a  galvanometer,  whose  needle  haa  been 
deflected  from  the  magnetic  meridian,  and  which,  while  tend- 
ing to  return  thereto,  cserts  a  constant  lateral  pressure. 

The  foregoing  discussion  may  suffice  to  demonstrato  the 
inflaence  of  the  moon  on  the  earth's  rotation.  The  retarding 
pressure  of  the  tidal  wave  may  quantitatively  be  determined 
in  the  same  manner  as  that  employed  in  computing  the  pre- 
cession of  Ihe  equinoxes  and  llie  nutation  of  the  earth's  axis. 
The  varied  distribution  of  land  and  water,  (he  unequal  and 
unknown  deplh  of  the  ocean,  and  the  as  yet  imperfectly  ascer- 
tained mean  difference  between  the  time  of  the  moon's  cnl- 
mination  and  that  of  high  water  in  the  opeo  sea,  euter,  bow- 
erer,  as  elements  into  such  a  calculation,  and  render  the  de- 
sired result  an  uncertain  quantity. 

In  the  mean  time  this  retarding  pressure,  if  imagined  to 
act  at  the  equator,  catmot  bo  assumed  to  be  less  than  1000 
millions  of  kilogrammes.  In  order  to  start  with  a  definite 
conception,  we  may  be  allowed  to  use  tliis  round  number  8.S  a 
basis  for  the  foUowing  calculations. 

The  rotatory  velocity  of  the  earth  at  the  equator  is  464 
metres,  and  the  consumption  of  mechanical  work,  thereforo, 
for  the  mainteoancB  of  the  tides  464,000  millions  of  Km,  or 
6000  millions  of  horse-powera  per  second.     The  efiect  of  i]m 
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e  may  eonBc'qnently  be  estimated  at  i^th  of  the  eSect  re- 
ceived by  the  earth  from  the  sun. 

The  rotatory  effect  which  Ibe  earth  at  present  posBesBes, 
may  be  calculated  from  its  masa,  rolmne,  and  velocity  of  rota- 
tion. The  volninc  of  the  earth  is  2,650,686,000  cubic  miles, 
and  its  specific  gravity,  according  to  R«ich,  =-  5-4i.  If,  for 
the  sake  of  gimplicity,  we  assume  the  density  of  the  earth  to 
be  uniform  throughout  its  mass,  we  obtain  from  the  above 
premises,  and  the  known  velocity  of  rotation,  25,840  quadril- 
lions of  kUognunmetrea  as  the  rotatory  effect  of  the  earth. 
If,  during  every  second  in  2500  years,  464,000  millions  of 
Km  of  this  effect  were  consumed  by  the  ebb  and  flow  of  the 
tidal  wave,  it  would  suffer  a  diminution  of  36,600  trillions  of 
Km,  or  about  ,-s^th  of  its  quantity. 

The  velocities  of  rotation  of  a  sphere  Bland  to  each  Other 
in  the  same  ratio  as  the  square  roots  of  the  rotatory  effects, 
when  Ihe  volume  of  the  sphere  remains  constant.  From  this 
it  follows  that,  in  the  assumed  time  of  2500  years,  the  length 
of  a  day  has  increaaed  i;ui>^th ;  or  if  a  day  be  taken  equal 
to  86,400  seconds,  it  has  lengthened  i-,th  of  a  second,  if  the 
volume  of  the  earth  has  not  changed.  Whether  this  supposi- 
tion be  correct  or  not,  depends  on  the  temperature  of  our 
planet,  and  will  be  discussed  in  the  next  chapter. 

The  tides  also  react  on  the  motion  of  the  moon.  The 
■r  attraction  of  the  elevation  nearest  to,  and  to  the  east 
'ascs  with  the  tangential  velocity  of  our  sat- 
ellite ;  the  mean  distance  of  the  earth  and  the  moon,  and  the 
time  of  revolution  of  the  latter,  are  consequently  augmented. 
The  effect  of  this  action,  however,  is  insignificant,  and,  ac- 
g  to  calculation,  does  not  amoimt  to  morp  than  a  frao- 
a  second  in  the  coarse  of  centuries. 


planet,  ai 
^^    The 
^Bkonger  : 
^^r  the  m< 
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TIII.-JfHS  SABTH»8  IVTSBIOB  HAAf. 

Wrraofur  dofubt  tiiare  was  ones  •  lima  wkm.  oar  gjblia 
had  not  asBOinad  ita  preaent  magmtade.  Aeoovda^la  Aii^ 
lij  aifl  nf  thii  ■imiiTf)  nmnnrtinMi^  thn  nrifin  nf  nnr  planyt  mpj 
ba  redooad  to  tbe  uniim  of  onea  aqwralad  maanna  .^i- 

To  the  niechanica]  oombinatioiiaof  niMaa  of  Ihaaaacilit 
otdar,  with  moBMB  of  tha  sacoiid  and  third  OfdVi  Acytha 
same  laws  aa  thoae  ammeiatad  Ar  tha  ami  i^^*  ^Dmi  fwBjiw 
ion  of  such  maaaea  must  alwaya  genarate  aa  amount  of  hMl 
proportional  to  the  aquaxaa  of  their  Toloritiaa,  or  to  tWr  aa* 
chanical  efiect* 

Although  we  are  not  in  a  position  to  affirm  aojthiag  eei<- 
tain  req»ecting  the  primordial  conditions  under  whieh  Iha 
oonstitaent  parts  of  the  earth  existed,  it  is  neYertheless  of  tha 
greatest  interest  to  estimate  the  quantities  of  heat  gcnoratedbj 
the  collision  and  combination  of  these  parts  by  a  standard 
based  on  the  simplest  assmnptions. 

Accordingly  we  shall  consider  for  the  present  tha  earth  to 
have  been  formed  by  the  union  of  two  parts,  whidbi  obfaiaad 
their  relative  motions  by  their  mutual  attraction '  on^«  Lit 
the  whole  mass  of  the  present  earth,  expressed  in  kilo- 
grammes, be  T,  and  the  masses  of  the  two  portioDS  T-^c  and 
flk  The  ratio  of  these  two  quantities  may  ba  imagmad  to 
assume  various  values.  The  two  extreme  cases  ara*  iHiaa« 
is  considered  infinitely  small  in  con^parison  with  T,  and  whan 
»  — T— s  — iT.  These  form  ih^  limits  of  aU  imaginaMa 
ratios  of  the  parts  T— «  and  as,  and  will  now  ba  mora  doas^ 
examined. 

Terrestrial  heights  are  of  course  exduded  firam  the  6t 
lowing  consideration.  In  the  first  place,  let «,  in  ooBqfMnsoB 
with  T-oB,  be  infinitely  smalL  Tha  final  velooilj  with 
which  m  arrives  on  tha  surfooe  of  tha  laxgie  mass,  after  hajim 
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tliroT]^  a  great  apace  in  a  straight  line,  or  after  pre- 
Tioas  central  motion  roond  it,  is,  according  Uy  the  laws  devel- 
oped  in  relation  to  the  enn  in  Chapter  III.,  confined  wilhin 
the  limits  of  7908  and  11,183  metres.  The  heat  generated 
bjthis  process  may  amount  lo  from  8685xa;lo  17,370X!i; 
units,  according  to  the  value  of  the  major  axia  of  the  orbit 

,  This  heat,  however,  vanishes  by  its  distributioD  through 
greater  mass,  because  x  is,  according  to  suppoaitton,  infi- 

ily  snUkll  in  comparison  with  T. 

The  quantity  of  heat  generated  increases  with  x,  and 
amounts  in  the  second  case,  when  x='^T,  to  from  GOOOXT 
to  8686 XT  units. 

If  we  oaaome  the  earth  to  possees  a  very  great  capacity 
for  heat,  equal  io  fact  to  that" of  its  volume  of  water,  which 
tvhen  calculated  for  equal  weights  =-^  0'  184,  the  above  diacus- 
Bton  leads  to  the  conclusion  that  the  difference  of  temperature 
of  the  constituent  parts,  and  of  the  earth  after  their  union,  or, 
in  other  words,  the  heal  generated  by  the  collision  of  these 
parts,  may  range,  according  to  their  relative  magnitade,  Irora 
0°  10  32,000%  or  even  to  47,000°  1 

With  the  number  of  parte  which  thus  mechanically  com- 
bine, the  qaantily  of  heat  developed  increases.  Far  greater 
stiU  would  have  been  the  generation  of  heat  if  the  constituent 
parts  had  moved  in  separate  orbits  round  the  sua  before  their 
tmion,  aod  hod  aecideotaily  approached  and  met  each  other. 
For  various  reasons,  however,  this  latter  supposition  is  not 
very  probable. 

Several  facts  indicate  that  our  earth  was  once  a  fiery 
liquid  mass,  which  has  since  cooled  gradually,  down  to  a  com- 
paratively incoasiderahle  depth  from  the  surface,  to  its  pres- 
ent temperature.  The  first  proof  of  this  is  the  form  of  the 
earth.  •'  The  form  of  the  earth  is  its  history."  According 
to  the  most  careful  measurements,  the  flattening  at  the  poles 
is  exactly  such  as  a  liquid  mass  rotating  on  its  axis  with  the 
rclodty  of  the  earth  would  possess ;  from  this  we  may  con- 
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t  the  earth's  cnial  increases  at  tbe  rate  of  1"  for  every  80 
metres  we  descend  from  the  surface  towards  the  centre.  Al- 
though it  is  incredible  that  this  au^enlaiion  can  continue  at 
the  same  rate  till  the  centre  be  reached,  we  may  nevertheless 
assume  with  certainty  that  it  docs  continue  to  a  cousidcrablo 
depth.  CnlculatioD  based  on  this  assumption  shows  that  at 
ft  depth  of  a  few  miles  a  temperature  must  exist  sufficiently 
powerful  to  tiisc  most  substances.  Such  molten  masses  pene- 
U^6  the  cold  crust  of  the  globe  in  many  places,  aud  make 
their  appearance  as  lava. 

A  distinguished  scientific  man  has  lately  expressed  him- 
self on  the  origin  of  the  interior  heat  of  the  earth  as  follows : 
— "  No  one  of  course  can  explain  the  final  causes  of  things. 
This  much,  however,  is  clear  to  efery  thinking  man,  that 
there  is  just  as  much  reason  that  a  body,  like  the  earth,  for 
example,  should  be  warm,  warmer  than  ice  or  human  blood, 
as  there  is  that  it  should  be  cold  or  colder  than  the  latter.  A 
partieolsr  cause  for  tbis  absolute  heat  is  as  little  necessary  M 
a  cause  for  motion  or  rest.  Change — that  is  to  say,  transi- 
tion from  one  state  of  things  to  another — alone  requires  and 
admits  of  explanation." 

It  is  erident  that  this  reflection  is  not  fitted  to  suppress  lh« 
desire  for  an  explanation  of  the  phenomenon  in  qnestion.  As 
all  matter  has  the  tendency  to  assume  the  same  temperature 
as  that  possessed  by  the  substances  by  which  it  happens  to  be 
BiuTonnded,  and  to  remain  in  a  quiescent  state  as  soon  as 
cquilibriom  has  been  established,  we  must  conclude  that, 
whenever  we  meet  with  a  body  warmer  than  its  netghbonrs, 
such  body  must  have  received  at  a  (relatively  speaking)  not 
far  distant  time,  a  certain  degree  of  heat, — a  process  which 
certainly  allows  of,  and  requires  explanation. 

Newton's  theory  of  gravitation,  whilst  it  enables  us  to  de- 
«rsune,  from  its  present  form,  tbe  earth's  slate  of  aggT^:a< 
tion  in  ages  past,  at  the  same  time  points  out  to  us  a  source 
of  beat  powerful  enough  U>  produce  such  a  state  of  aggrega- 
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^ouuooobl  origin* 

The  rotilorjr  effnk  of  Ihe  enth  ate  jeej  bo  loiid^' 
phoned bf  the  ooDiflioii  of  SteoonntftoeBt parte;  asd^m 
aoeordmg^  eobteael  the  oit  etaa  of  the  asdal  POtatfan  froae 
the  whole  eflbeiof  iho  rmllininn  anil  mwlianinel 
m  order  to  obCam  the  qnanfti^  o£  heat  genaratad.  The 
tony  effecty  howofory  ie  only  a  eiwall  Quaulil^  i 
wilh  the  mtenor  heai  of  the  earth.  B  aaMHmlB  to 
iiOOxT  kilogranmietieei  T  beiag  the  wd^^of  the  oacA  ja 
kflogrammee,  idddi  k  eqnmkntto  ISxTvnile  of  heatilT 
we  aesuine  the  densi^  of  the  earth  to  be  miilbim  throqghoat» 

If  we  imagine  the  moon  in  the  oobree  of  time,  either  in 
ooneequence  of  the  action  of  a  leeieting  ™<mM"«"  or  from 
eome  other  cause,  to  unite  herself  with' our  earth,  two  princi- 
pal effects  are  to  be  diaoemed*  A  reeolt  of  the  fmlKwoa 
wonld  be,  that  the  whole  mass  of  the  moon  and  the  cold  eraat 
of  the  earth  would  be  raised  some  thonsaads  of  degrees  in 
temperatore,  and  conseqoentlj  the  snrftoe  of  the  eaalh  would 
be  converted  into  a  fierj  ocean.  At  the  same  time  the  Telc^ 
oily  of  the  earth's  axial  rotation  woold  be  someidiat  aooaler- 
ated,  and  the  position  of  its  axis  with  regard  to  the  he«v«De» 
and  to  its  own  sorfitoe,  sli^tljr  altered*  If  the  earth  had 
been  a  cold  body  without  axial  rotation,  the  proeeea  of  its 
combining  with  the  moon  woold  have  inqiartod  to  it  both 
heat  and  rotation. 

It  is  probable  that  such  processes  of  combination  batwesn 
difierent  parts  of  our  globe  maj  have  rqpeatedfy  happened 
before  the  earth  attained  its  present  magnitode,  and  that  faaf 
nriant  vegetation  may  have  at  diffarant  times  been  boxied-i 
der  the  fleiy  debris  resulting  from  the  oonflict  of  these 
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~  Aa  long  M  the  eurface  of  our  globe  was  ia  an  iiicaDde»< 
"oont  date,  it  mnst  have  lost  heat  at  a  Tcry  rapid  rate  ;  grad- 
Qollj  this  process  became  slower  ;  and  although  it  has  not  jet 
eotirely  ceased,  (he  rate  of  cooling  must  have  diminisbed  to 
comparatiFclj  small  magnitude. 

Two  phenomena  are  caused  by  the  cooling  of  the  earth, 
which,  on  acconnt  of  Ifaeir  common  origin,  are  intimately  re- 
lated. The  decrease  of  temperature,  and  consequent  coDtrac- 
tion  of  the  earth's  crust,  must  have  caused  frequent  distnr- 
baaoes  and  revolutions  on  ite  surface,  accompaaied  hy  the 
ejcctioD  of  molten  masses  and  the  fonnation  of  protuberances ; 
on  tbe  other  hand,  according  to  the  laws  of  mechanics,  the 
velocity  of  rotation  mnst  have  increased  with  the  diminution 
of  the  volume  of  the  sphere,  or,  in  other  words,  the  cooling 
of  the  earth  mnst  have  shortened  the  length  of  the  day. 

As  the  intensity  of  such  disturbances  and  the  velocity  of 
rotation  are  closely  connected,  it  is  clear  that  the  youth  of  our 
planet  must  have  been  distinguished  by  continual  violent 
transformations  of  iia  crust,  and  a  perceptible  acceleration  of 
the  velocity  of  its' axial  rotation  ;  whilst  in  the  present  lime 
tbe  metamorphoses  of  its  aorface  are  much  slower,  and  the 
acceleration  of  its  axial  revolution  diminished  to  a  very  gjnall 
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If  we  imagine  the  times  when  the  Alps,  the  chain  of  the 
Andeb,  and  the  Peak  of  Teneriffe  were  upheaved  from  tbe 
deep,  and  compare  with  such  changes  the  earthquakes  and 
volcanic  eruptions  of  historic  limes,  we  perceive  in  these 
modem  Iransformations  but  weak  images  of  the  analogous 
processes  of  bygone  ages. 

Whilst  we  are  snrronnded  on  every  side  by  the  monu- 
ments of  violent  volcanic  convulsions,  we  possess  no  record 
of  the  velocity  of  ihe  axial  rotation  of  our  planet  in  antedi- 
luvian times.  It  is  of  the  greatest  imporlance  that  we  should 
have  an  exact  knowledge  of  a  change  in  this  velocity,  or  is 
the  length  of  the  day  during  historic  times.     The  investiga- 
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Theee  nkwktin— life 
fagnMmwr: — la  <b»  int  plAoe,  <b» 
of  Ifao  iiniy  widely^  sport  fimiii  oodi  oUm^  li  oo 
aofoisilib  ejq|ve«ed  m  dajB^  sod  IhHtftio  Hn  xvlioof  Ike 
loMof  tho  oorlb'a  rotetloB  to  dM  mem  taBOofHiB 
lOToliilioo  dfltaiiniiiod.  I^  soWf  tiio  oibmnrartioBO  of 
oilioiioiiiere  Iw  oonpoiod  ifidi  ttooo  oC  osr  pnoMt  timo^  4b 
leost  oltentioii  ia  tho  absoliite  loBglli  ot  mdajmtfhm'4i^> 
teeted  Vf  a  diooge  in  tUs  T9$k^  or  bk'm 
hmar  iwolotion.  ThemmtpcribotogiooiMiof  i 
oris  OD  His  movomoDtB  of  tbo  nooiL  sod  tbo  ploaolBj  ob*|Ib 
odipBei  of  tlie  mm',  te.,  ncmeakd  to  Li^looo  the  rmmtUUB 
fiMt  that  in  the  oonne  of  25  otntorias,  the  time  in  iMtk  oar 
oorth  Tovolves  on  its  axis  has  not  altered  aith  part  of  a  aezi^ 
gosmial  second ;  and  the  length  of  a  day  thontee  may  be 
ooDsidered  to  have  been  constant  dniing  historie  ttmaa. 

This  resoH,  as  important  as  it  was  conYonieot  for  astiQi^ 
omj,  was  nevertheless  of  a  nature  to  create*  some  difficnltias 
§bt  the  phTsicist.  With  appazentlj  good  reason  it  was  coqp 
doded  that,  if  the  velocity  of  rotation  had  remained  ooDStBat, 
the  vohnne  of  the  eiurth  could  have  nndergone  no  change* 
Tlie  earth  completes  one  revolntaon  on  its  aads  in  86^i00  si- 
dereal seconds ;  it  conseqaentfy  appean,  if  this  time  has  not 
altered  daring  2500  yean  to  the  extent  of  ^^  of  a  seooad, 
^^  u/tLjBft^  pcurt  of  a  day,  that  daring  this  long  spaoe  of  tima 
Hie  radios  of  the  earth  also  cannot  have  altered  mora 
this  fraction  of  its  length.  The  eartb's  radxos 
6|869,800  metres,  and  therefore  its  lengdi  oo^  not  to  have 
diminished  more  than  15  centimetres  in  25  centories. 

The  diminntion  in  volume,  as  a  result  of  the  ooolinj^fio* 
cess,  is,  however,  doseljr  oonneeted  with  the  changes  on  tibs 
earth's  sarfiu».  When. we  consider  that  8caroeI{f  a  dsgr 
peases  without  the  occnrronoe  of  an  oarthi|DalGe  or  Aosk 
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I  place  or  another,  and  that  of  the  300  active  toIiMiDos 
■ome  are  always  in  action,  it  would  appear  that  each  a  lively 
reaction  of  (he  interior  of  the  earth  against  the  cmst  is  in- 
compatible with  the  constancy  of  its  volume. 

This  apparent  discrepancy  between  Cordler'a  theory  of  the 
connexion  between  the  cooling  of  the  earth  and  the  reaction 
of  the  interior  on  the  exterior  parts,  sud  Laplace's  calcula- 
don  showing  the  constancy  of  tlie  length  of  the  day,  a  calcu- 
lation which  is  undoubledly  correct,  has  induced  most  scien- 
tific men  to  abandon  Cordier's  theory,  and  thus  to  deprive 
themselves  of  any  tenable  explanation  of  volcanic  activity. 

The  continned  cooling  of  the  earth  cannot  be  denied,  for 
it  lokea  place  according  to  the  laws  of  nature ;  in  this  reapcot 
the  earth  cannot  comport  itself  ditTerently  from  any  other 
mass,  however  stuall  it  may  be.  In  spite  of  the  heat  which 
it  receives  from  the  sim,  the  earth  will  have  a  tendent^  to 
cool  so  long  as  the  temperature  of  its  interior  is  higher  than 
the  mean  l«mperalure  of  its  surface.  Between  the  tropica  the 
mean  temperature  produced  by  the  sun  is  about  28',  and  the 
sun  therefore  is  as  little  able  to  stop  the  cooling-tendency  of 
the  earth  as  the  moderate  warmth  of  the  air  can  prevent  the 
coaling  of  a  red-hot  ball  suspended  in  a  room. 

Many  phenomena,  for  instance  the  melting  of  the  glaciers 
near  the  bc<l  on  which  they  rest,  show  the  uninterrupted 
emission  of  heat  from  the  interior  towards  ihe  exterior  of  the 
earth ;  and  the  question  is.  Has  the  earth  in  26  centariea 
actually  lost  no  more  heat  than  that  which  is  requisite  to 
shorten  a  radius  of  more  than  6  millions  of  metres  only  15 
centimetres? 

In  answering  this  question,  three  points  enter  into  our 
calculation; — (1)  tlie  absolute  amount  of  heat  lost  by  the 
earth  in  a  certain  time,  say  one  day  ;  (2)  the  earth's  capacity 
ibr  heat ;  and  (3)  the  coefficient  of  expansion  of  the  mass  of 
ttM  earth. 

Aa  none  of  these  quantities  can  be  determined  by  direct 


Miligwi  to  cnnteiit  Qfanetrw  wHii  prob" 
diMe  esomates  will  cany  the  more  wei^ 
:tti  je»  tiHj  asT  JbriMtd  i&  &Toiir  of  some  preoonoeiTed  opm- 


C^nuDocnnc  w^es  is  known  about  the  expaiision  and  con- 
inam.  zc  m&bf  asid  Bqidds  by  heat  and  cold,  we  arriye  at 
»  xmrtfMMtt  i^ax  te  a  dbninntion  of  1°  in  temperature, 
w  iniMC  atmcwfanp  of  the  earth  cannot  well  be  lees  than 
gjTi^-^  P*-^^  A  nsBMir  whidi  we  all  the  more  readity  aAapt 
VcABM  t  HM^  W«L  WM  bj  Lafilaoe,  -^^^^^^j  «^  others. 

jf  WY  :«aisia:Y  ^hr  caipadtT  fa-  heal  of  aU  solid  and  liquid 
)iMi»  wijj:±  haTY  b»eK  exanmed,  we  find  that,  both  as  re- 
Ijanb  v/tfmnr  ani  -v^mte*  ^k  capaciiT  of  water  is  the  greats 
f!K.  £x><a  aw  rajv»  onw  asidn'  this  role ;  hydrogen,  bow- 
r^^^r.  ?VnB>  i:l  ^:i.rtf7orc..  s  ^tiuxt  the  greatest  capacity  for 
ii:  iJ.  >.\^)i^  -vitfiL  coc;pa^>^i  with  an  equal  weight  of 
Ix  ;c*^ir  d:c  ic  lake  u»e  capacirr  for  heat  of  the  mass 
A  iitf  r^r^i  ;.v-  sTTifc*.  w;  <^sall  <v>::5ider  it  to  be  equal  to  that 
a'   ifr  ^MTozkf    «x  ^ii»r.  wiic^,  when  calculated  for  equal 

!i  «^  «cv!fCi:  '  ATUfc'^t'*  TrfiSSj:*  fthat  the  length  of  a  day  has 
.v~u:5Ukxi:   bicrsxiZ  :i»e  iaK  i^^L^  Tears,  and  conclude 


u!i'-  'in'  itMi;.  V  v-sE  fti  ihr  coeSaeDt  of  expansion  of  mat- 
^t^  fti7iKH»  «L-  xuewr  «BC«nsx=«&    As.  bowrer,  these  two 
ak>  Ik  AKwajUK  ^^STS  It  Mr  caanjUMB^  v«  wmj  be  aUoved  to 
VU2  uv  xtiitifeffcv  ^-ttcft  u»r  iivi  «K;Kr«s«re  of  the  interior  of 
ik  4ur*a  »ss.   i  ^ar^ss^  al  thibm  simiSas^     Eroa  if.  in  ooBseqnenoe  of 
.a«:   ^ari  eQu:wr«LUr^  a"  iiv  ixoirvc  i^  ««n^*s  bms  coold  hiTe  a  captr 
2^«   •«•:  jr  .::r>!v    xtsttR^  »  r'"9KC  »  :^a:  w^k&  h  has  from  0*  to  100",  it 
J-  w  )«  .^.'i&xi.vr-ii^  n  Ar  iwivir  Wax.  ihu  ibe  cpeffcient  of  expuuioQ, 
.......  iA"*  Kru»  e.M^  ur  j«hh^  aai  »  <««a  small  for  them,  vhilit  in 

j2^  .'aev  A  i(;^uiifr  w<5  u"9  V  iiwuniii  *  anek  creucr  c^orfficwut :  for  mer> 
:^.'.  xx^x^4  :  Mc  :  A  .  ^  »  iS-MS  ax  aaej  af  p^iaL  EspraaUr great 
*  .-.^  ,vuvr«^%iwu  4->t  iv*afl«i  J£  ivx=i«  »if«  they  change  their  itata 
.*   Vot<^>.;v>i     Mhi  Ji*  sdcttiti  ">?  aJbca  aa»  aoooou 
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iLat  the  eartL's  radius  hns  not  diminished  Ij  decimetre  in 
consequence  of  cooling,  we  are  obliged  to  assume,  according 
to  Ihe  premises  staled,  that  the  mean  temperature  of  onr 
planet  cannot  have  decreased  ^5°  in  the  same  period  of  time. 

The  volume  of  the  earth  amounlA  to  2650  millions  of  cn- 

mUes.  A.  loBS  of  heat  sufficient  to  eool  thb  mass  ^° 
>uld  be  equal  to  the  heat  given  off  when  the  temperature 
W  6,150,000  cubic  miles  of  water  decreases  1'' ;  hence  the 
loss  for  one  day  would  be  equal  to  6-74  cubic  miles  of  heat. 

Fourier  has  investigated  the  lose  of  heat  sustained  b^  the 
earth.  Taking  the  obserrotion  that  the  temperature  of  the 
earth  increases  at  the  rate  of  I"  for  every  30  metres  as  the 
basis  of  his  calculations,  this  celebrated  mathematician  finds 
the  beat  which  the  globe  loses  by  conduction  through  its  cnut 
in  the  space  of  100  years  to  be  capable  of  melting  a  layer  of 
ice  3  metres  in  thickness  and  covering  the  whole  enrface  of 
the  globe  ;  this  corregponds  iu  one  day  lo  7*7  cubic  miles  of 
heat,  and  in  2500  years  to  a  decrease  of  17  centimetres  in 
the  length  of  the  radius. 

According  to  this,  the  cooling  of  the  globe  would  be  suffi- 
ciently great  to  require  attention  when  the  earth's  velocity  of 

ition  is  considered. 

At  the  same  time  it  is  clear  that  the  method  employed  by 
:f  onrier  can  only  bring  to  our  knowledge  one  part  of  the  beat 
irhioh  is  annnally  lost  by  the  earth ;  for  simple  condoction 
through  t«rra  Jirma  Is  not  the  only  way  by  which  heat  escapes 
from  our  globe. 

In  the  first  place,  we  may  make  mention  of  the  aqneoas 
deposits  of  our  atmosphere,  which,  as  far  as  they  peuetral« 
onr  earth,  wash  away,  so  to  fpeak,  a  portion  of  the  heat,  and 
thus  accelerate  the  cooling  of  the  globe.  The  whole  quantity 
of  water  which  falls  from  the  atmosphere  upon  the  laud  in 
one  day,  however,  cannot  be  assumed  lo  be  much  more  than 
half  a  cubic  mile  in  volume,  hence  the  cooling  effect  produced 
by  this  water  may  be  neglected  in-  our  calculation.    The  hett 
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carried  off  by  all  tho  thermal  springs  in  the  world  it  very 
small  in  comparison  with  tho  quantities  whidi  we  hare  to 
n»isider  here, 

Much  more  important  is  the  effect  produced  by  active  Tol- 
cnnos.  Aa  the  heat  which  occompanips  the  mollen  matter  to 
the  surface  is  derired  from  the  store  in  the  interior  of  the 
earth,  their  action  must  influence  considerably  the  dimination 
of  the  earth's  heat.  And  we  have  not  only  to  consider  here 
actual  eruptions  which  take  place  in  Buccession  or  ^mulla- 
neously  at  different  parts  of  the  earth's  suriacc,  but  also  vol- 
canog  in  a  quiescent  state,  which  continually  radiate  large 
quantities  of  heat  abslracted  from  the  interior  of  the  globe. 
If  we  compare  tlie  earth  to  an  animal  body,  we  may  regard 
each  Tolcano  as  a  place  where  the  epidermis  has  been  torn 
ofT,  leaving  the  interior  exposed,  and  ibus  opening  a  door  for 
the  escape  of  heat. 

Of  tho  whole  of  the  heat  which  passes  away  throu^ 
these  numerous  outlets,  too  low  aa  estimat«  must  not  be 
made.  To  have  some  basis  for  the  estimation  of  this  lose, 
we  have  to  recoUect  that  in  1 783  SkaptaisTokul,  a  Tolcano  in 
Iceland,  emitted  sufficient  lava  in  the  space  of  six  weriu  to 
cover  GO  square  miles  of  country  to  an  average  depth  of  200 
metres,  or,  in  other  words,  about  IJ  cubic  miles  of  lava. 
The  amount  of  heat  lost  by  this  one  eruption  of  one  volcano 
must,  when  the  high  temperature  of  the  lava  is  considered, 

estimated  to  be  more  than  1000  cubic  miles  of  heat ;  and  ■ 
the  whole  loss  resulting  from  tho  action  of  all  Uie  voleanos 
amounte,  therefore,  in  ail  probability,  to  thousands  of  cubio 
miles  of  heat  per  annum.  This  latter  number,  when  added 
to  Fourier's  result,  produces  a  sum  which  evidently  does  not 
agree  with  the  assumption  that  the  volume  of  our  earth  has 
remained  tmehanged. 

In  the  investigation  of  the  cooling  of  our  globe,  tho  influ- 
ence of  the  water  of  the  ocean  has  to  be  taken  into  RCCoHnt. 
Fotuier'a  calcnlationa  are  based  on  the  observations  of  the  in- 
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crease  of  the  temperature  of  tie  crust  of  onr  earlli,  from  the 
surface  towards  the  centre.  But  two-thirds  of  the  surfare  of 
our  globe  are  covered  with  water,  and  wo  cannot  assume  d 
priori  that  this  large  area  loses  heat  at  tlie  same  rate  as  the 
solid  parts ;  on  the  controiy,  variotis  circwnetanccs  iodicate 
that  the  cooling  of  our  glohe  proceeds  mora  quicklj  through 
the  waters  of  the  ocean  resting  on  it  than  from  the  solid  part« 
merely  in  contact  with  the  atmosphere. 

In  the  first  place,  we  have  to  remark  that  the  bottom  of 
the  ocean  is,  generally  speaking,  nearer  to  the  store  of  heat 
in  the  interior  of  the  earth  than  the  dry  land  is,  and  hence 
tltat  the  tempcraliire  increases  moat  probably  in  a  greater 
ratio  fi-om  the  bottom  of  the  soa  towards  the  interior  of  the 
globe,  than  it  does  in  our  observations  on  the  land.  Sec- 
ondly, we  have  to  consider  that  the  whole  bottom  of  the  sea 
ia  covered  by  a  layer  of  ice-cold  water,  which  moves  con- 
stantly from  the  poles  to  the  equator,  and  which,  in  its  pas- 
sage over  sand-banke,  causes,  as  Humboldt  aptly  remarks, 
the  low  temperatures  which  are  generally  observed  in  shallow 
places.  That  the  water  near  the  bottom  of  the  sea,  on  ac- 
count of  its  great  specific  heat  and  its  low  temperature,  is 
better  fitted  than  the  atmosphere  to  withdraw  the  heat  from 
the  earth,  is  a  point  whicb  requires  no  further  discussion. 

We  have  plenty  of  observations  which  prove  that  the 
earth  suffers  a  great  loss  of  heat  through  the  valers  of  the 
ocean.  Many  investigations  have  demonstrated  the  existence 
of  a  large  expanse  of  sea,  much  visited  by  whalers,  situtited 
between  Iceland,  Greenland,  Norway,  and  Spiizbergcn,  and 
extending  from  lal.  76^  to  80'  N.,  and  £rova  long.  15*^  E,  to 
15"  W.  of  Greenwich,  where  the  temperature  was  observed 
to  be  higher  in  the  deeper  water  than  near  the  surface — an 
experience  which  neither  accords  with  the  general  mle,  nor 
agrees  with  the  laws  of  hydrostatics.  Franklin  observed,  in 
lal.  77°  N.  and  long,  12°  E.,  that  the  temperature  of  the  sea 
near  the  surface  was —  i°,  and  at  a  depth  of  700  iatboau 


d_i 
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+6^    Fiflher,  in  lat.  W  N.  and  long,  ll""  B.^  aotiead  Umi 
the  surface-water  had  a  temperature  of  0^,  "vdukl  at  a  defitft 

of  140  fathoms  it  stood  at+8°. 

As  sea-water,  milike  pure  water,  does  not  poasesB  a  pcmii 
of  greatest  density  at  some  distance  ahove  the  freezing-poinii 
and  as  the  water  in  lat.  80°  N.  is  fonnd  at  some  depth  to  be 
warmer  than  water  at  the  same  depth  10°  sonthward,  we  can 
only  explain  this  remarkable  phenomenon  of  an  increaae  of 
temperature  with  an  increase  of  depth  by  the  existence  of  a 
sonrce  of  heat  at  the  bottom  of  the  sea.  The  heat,  however, 
which  is  required  to  warm  the  water  at  the  bottom  of  an  ex- 
panse of  ocean  more  than  1000  square  miles  in  extent  to  a 
sensible  degree,  must  amount,  according  to  the  lowest  eati- 
mate,  to  some  cubic  miles  of  heat  a  day. 

The  same  phenomenon  has  been  observed  in  other  parts 
of  the  world,  such  as  the  west  coast  of  Australia,  the  Adri- 
atic, the  Lago  Maggiore,  &c.  Especial  mention  should  here 
be  made  of  an  obserYation  by  Homer,  according  to  whom  the 
lead,  when  hauled  up  from  a  depth  varying  from  80  to  100 
fathoms  in  the  mighty  Gulf-stream  off  the  coast  of  America, 
used  to  be  hotter  than  boiling  water. 

The  facts  above  mentioned,  and  some  others  which  mi^^t 
be  added,  clearly  show  that  the  loss  of  heat  suffered  by  our 
globe  during  the  last  2500  years  is  far  too  great  to  have  been 
without  sensible  effect  on  the  velocity  of  the  earth's  rotation. 
The  reason  why,  in  spite  of  this  accelerating  cause,  the  length 
of  a  day  has  nevertheless  remained  constant  since  the  most 
ancient  times,  must  be  attributed  to  an  opposite  retarding  ac- 
tion. This  consists  in  the  attraction  of  the  sun  and  moon  on 
the  liquid  parts  of  the  earth's  surface,  as  explained  in  the 
last  chapter. 

According  to  the  calculations  of  the  last  chapter,  the  re- 
tarding pressure  of  the  tides  against  the  earth's  rotation 
would  cause,  during  the  lapse  of  2500  years,  a  sidereal  day 
to  be  lengthened  to  the  extent  of  f«th  of  a  second ;  as  ihib 
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Ieii|;tb  of  a  day,  however,  ha^  remained  constant,  the  cooling 

effect  of  the  earth  during  the  same  period  of  time  must  have 

Bhorteaed  the  day  i-,th  of  a  second.     A  diminution  of  the 

earth's  radius  to  the  amount  of  4i  metres  in  2500  years,  and 

*  daily  loss  of  200  cubic  miles  of  heat,  correspond  to  this 

^^'•ffect.     Hence,  in  the  course  of  the  last  25  centuries,  the 

^^ptomperature  of  the-  whole  mass  of  the  earth  must  have  d&- 

■Was 


The  not  i&considerable  contraction  of  the  earth  resulting 
Q  such  a  loss  of  heat,  agrees  with  the  continual  traasfor- 
latioufl  of  the  earth's  surface  by  earthquakes  and  volcanic 
"emptions ;  and  we  agree  with  Cordier,  the  industrious  ob- 
server of  volcanic  processes,  in  considering  these  phenomena 
a  necessary  consequence  of  the  conUnual  cooling  of  an  earth 
;   which  is  still  in  a  molten  state  in  its  interior. 

When  our  earth  was  in  its  youth,  its  velocity  of  rotation 

mst  have  increased  to  a  very  sensible  degree,  on  account  of 

e  rapid  cooling  of  its  then  very  hot  mass.     This  accelera- 

g  cause  gradually  diminished,  and  ns  the  retarding  pressure 

B^  the  tidal  wave  remains  nearly  constant,  the  latter  must 

tUy  preponderate,  and  the  velocity  of  rotation  therefore 

Itinuftlly  decrease.     Between  these  two  stales  we  have  a 

iriod  of  equilibrium,  a  period  when  the  influence  of  the 

aoling  and  that  of  the  tidal  pressure  counterbalance  each 

;  the  whole  life  of  the  earth  therefore  may"Tje  divided 

)  three  periods — youth  with  increasing,  middle  ago  with 

I,  and  old  age  with  decreasing  velocity  of  rotation. 

The  time  during  which  the  two  opposed  influences  on  the 

tation  of  the  earth  arc  in  equilibrium  can,  striclly  epeak- 

[,  only  be  very  short,  inasmuch  as  in  one  moment  the  cool- 

ig,  and  in  the  next  moment  the  prcsanre  of  the  tides  must 

L  physical  sense,  however,  when  measured  by 

n  standards,  the  influence  of  the  cooling,  and  still  more 

"■0  that  of  the  tidal  wave,  may  for  ages  be  considered  con- 

atant,  and  there  must  consequently  exist  a  period  of  many 

14 
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thonaincl  jtmf  dnritimi  dniing  irbUk 
inflnences  win  appear  to  be  eqnaL  TVlthin  thb  period  sA 
dereal  day  attains  its  shortest  lengtli,  and  tlie  veiloeity  of  Aa 
eartli's  rotation  its  mnTiimim  rirrmnntnnrifin  wliklif  afieovd* 
ing  to  Tnathematicial  analysis,  would  tend  to  lengtliaB  Hm  dn* 
ration  of  this  period  of  the  earth's  <yTigM>p^yr 

The  historical  times  of  mankind  are,  acoordiiig  to  La- 
place's calculation,  to  be  placed  in  this  period.  WhetiMr  w» 
are  at  the  present  mottient  stiU  near  its  iDommeneenMnt,  ill 
middle,  or  are  approaching  its  conciosion,  is  a  qnestioii  wliidk 
cannot  be  solved  by  our  present  data,  and  mnsi  be  left  to  fii- 
tore  generations. 

The  continual  cooling  of  the  earth  cannot  be  without  aa 
influence  on  the  temperature  of  its  surfiMse,  and  conaefoeiillj 
on  the  climate ;  scientific  men,  led  by  Bufibn,  in  fiict,  haina 
advanced  the  supposition  that .  the  loss  of  heat  sustained  bj 
our  globe  must  at  some  time  render  it  an  unfit  habitation  £at 
organic  life.  Such  an  apprehension  has  evidently  no  fixmda- 
tion,  for  the  warmth  of  the  earth's  surface  is  even  now  much 
more  dependent  on  the  rays  of  the  sun  than  on  the  heat  whicb 
reaches  us  from  the  interior.  According  to  Fouillef  s  meas- 
urements, mentioned  in  Chapter  IH.,  the  earth  receives  8000 
cubic  miles  of  heat  a  day  from  the  sun,  whereas  the  heat 
which  reaches  the  surface  from  the  earth's  interior  may  be 
estimated  at  200  cubic  miles  per  diem.  The  heat  therefore 
obtained  from  the  latter  source  every  day  is  but  small  in  com- 
parison to  the  diurnal  heat  received  from  the  sun/ 

If  we  imagine  the  solar  radiation  to  be  constant,  and  the 
heat  we  receive  from  the  store  in  the  interior  of  the  earth  to 
be  cut  off,  we  should  have  as  a  consequence  various  changes 
in  the  physical  constitution  of  the  surface  of  our  globe.  The 
temperature  of  hot  springs  would  gradually  sink  down  to  the 
mean  temperature  of  the  earth's  crust,  volcanic  eruptions 
would  cease,  earthquakes  would  no  longer  be  felt,  and  the 
temperature  of  the  water  of  the  ocean  would  be  sensibly  al* 
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tored  in  many  plaoefH-circxiiiistanoes  which  would  doubtleBS 
affect  the  dimate  in  many  parts  of  the  worid.  Especially  it 
may  be  presumed  that  Western  Europe,  with  its  present  £bip 
▼oorable  climate,  would  become  colder,  and  thus  perhaps  the 
seat  of  the  power  and  culture  of  our  race  transferred  to  the 
milder  parts  of  North  America. 

Be  this  as  it  may,  for  thousands  of  years  to  come  we  can 
predict  no  diminution  of  the  temperature  of  the  surfiace  of 
our  gkbe^as  a  consequence  of  the  cooling  of  its  interior  mass  ^ 
and,  as  fisur  as  historic  records  teach,  the  climates,  the  tempe* 
ratures  of  thermal  springs,  and  the  intensity  and  frequency 
of  volcanic  eruptions  are  now  the  same  as  they  were  in  the 
fiu*  past. 

It  was  different  in  prehistoric  times,  when  for  centuries 
the  earth's  surface  was  heated  by  internal  fire,  when  mam- 
moths lived  in  the  now  uninhabitable  polar  regions,  and  when 
the  tree-ferns  and  the  tropical  shell-fish  whose  fossil  remains 
are  now  espedaUy  preserved  in  the  coal-formation  were  at 
home  in  all  parts  of  the  world. 
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r[B  TMtaiid  magniiinimt  linwUiMof  At  copMinnital 
BcieiioeB  has  been  erected  on  onlf  a  few  pilln.  Hiik 
toy  teaches  us  that  the  aeardiing  qnrit  of  man  neqniwd 
thouBands  of  years  for  the  disoovezy  of  the  ftmdamantal  prin- 
oiples  of  the  sdenoes,  on  which  the  saperstmotore  was  then 
raised  in  a  comparatiYely  short  time.  But  Hiese  yvy  fond*- 
mental  propositions  are  nevertheless  so  dear  and  simplsi  that 
the  discoveiy  of  them  reminds  ns,  in  more  than  one  respeet^ 
cdF  Columbus's  egg. 

But  if,  now  that  we  are  at  last  in  possession  of  the  truth, 
WB  speak  of  a  method  by  the  application  of  which  the  most 
essential  fundamental  laws  mig^  have  been  discovered  with* 
out  waste  of  time,  it  is  not  that  we  would  criticiae  in  any  light 
q»irit  the  efforts  and  achievements  of  ovr^forerunnen :  il  is 
merely  with  the  object  of  laying  before  the  reader  in  an  ad* 
vantageous  form  one  of  the  additions  to  our  knowle4g<e  which 
recent  times  have  brought  forth* 

The  most  important^— not  to  say  the  only — rule  for  the 
gemiine  investigation  of  nature  is,  to  remain  firm  in  the  eon* 
viction  that  the  problem  before  us  is  to  learn  to  ibiawphenoin* 
ana,  before  seeking  for  explanations  or  inquiring  after  hi^mt 
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^P  CBiues.    As  BOOH  as  a  fact  is  once  known  in  all  iu  reladono, 
H  is  therein  explained,  and  the  problem  of  science  is  at  an 

KoIwithElanding  Lhat  some  maj  pronounce  this  a  trite 
asserlioD,  and  nn  matter  how  many  arguments  others  maj 
bring  to  oppose  it,  it  romaina  noao  th«  less  certain  that  this 
primary  rule  has  been  too  often  disregarded  even  up  to  the 
most  modem  times ;  while  all  the  specnlative  operations  of 
even  the  most  iiighly  gifted  minds  which,  instead  of  talting 
firm  bold  of  factA  as  such,  have  striven  to  rise  above  them, 
have  BB  yet  home  but  barren  fruil. 

We  shall  not  here  discuss  the  modem  naturalistic  philoso- 
phy {NatuTjtkilosophif)  tnrther  thaa  to  say  that  its  character 
le  Already  sufficiently  apparent  from  the  ephemeral  existence 
of  its  offspring.     But  even  the  greatest  and  most  meritorious 
r  tf  the  natnralisia  of  antiqnity,  in  order  to  explain,  for  exam- 
^^e,  the  properties  of  the  lover,  took  refuge  in  the  assertion 
a  circle  is  such  a  marvellous  thing  that  no  wonder  if  mo- 
I,  taking  place  iu  a  circle,  ofi'er  also  in  their  turn  most 
Ptensnal  phenomena.     If  Aristotle,  instead  of  straining  his 
eWraordinary  powers  in  meditations  upon  the  fiied  point  and 
advancing  line,  as  he   ^^  the  circle,  had  investigated  the 
mimerical  relations  snhsisfifig  between  the  length  of  the  arm 
•f  the  lever  and  the  pressure  exerted,  he  would  bave  laid  the 
Pfcmdalionof  an  important  partof  hnman  knowledge. 
W^     Such  mistakes,  committed  as  they  were,  iu  accordance 
'  *Hh  the  spirit  of  those  times,  even  by  a  man  whose  many 
positive  services   cousiitul«   his  everlasting  memorial,  may 
serve  to  point  us  in  tlie  opposite  road  which  leads  us  surely 
to  the  goal.     But  if,  even  by  the  most  correct  method  of  in- 
veetigation,  nothing  can  be  attained  without  toil  and  industry, 
the  cause  is  to  be  sought  in  that  divine  order  of  the  world 
according  to  which  man  is  made  to  labour.     But  it  is  certain 
Aat  already  immeasurably  more  means  and  more  toil  have 
been  sacrificed  to  error  than  were  needed  for  the  discovery  of 
the  truth. 


( 


The  nile  whkb  most  be  followed,  in  order  to  U7  the  fbnix 
datjona  of  a  knowledge  of  oatare  va  the  shortest  conoeivabls 
time,  loaf  be  comprised  in  a.  few  words.  The  natoral  pb^ 
nomena  with  which  we  come  into  most  immediate  contact, 
and  which  ara  of  most  frequent  occurrence,  must  be  subjected 
to  a  carefol  examinatioD  by  means  of  the  organs  of  sense, 
and  this  exaniiQatJon  most  be  continued  until  it  resolts  in 
(putntitalive  detenninatioiiB  which  admit  of  being  expreased 
bv  numieri. 

'jTiI  **e  numlers  are  the  rehired  /oundaiicna  of  an  exact 
wvatigation  .;''  nature. 

Among  all  natural  operations,  the  free  fall  of  a  weight  ia 
fhe  most  frequent,  the  simplest,  and — witness  Newton's  apple 
— at  the  same  time  the  most  important.  When  this  process 
is  analysed  in  the  way  that  has  been  mentioned,  we  inua^ 
diately  se«  that  the  weight  strikes  agunst  the  ground  the 
harder  the  greater  the  height  from  which  it  has  fallen ;  and 
the  problem  now  consists  in  the  determination  of  the  quanti- 
tative relations  subsisting  between  the  height  from  wluch  the 
weight  falls,  the  time  occupied  by  it  in  its  descent,  and  its 
final  velocity,  and  in  expressing  these  relations  by  definiU 
nvmben. 

In  carrying  out  this  experimental  investigation,  varioas 
difficnlties  have  to  be  contended  with ;  but  these  mnst  and 
cun  be  overcome ;  and  then  the  truth  is  arrived  ai,  that  for 
every  body  a  fall  of  sixteen  feet,  or  a  time  of  descent  of  one 
second,  corresponds  fo  a  final  velocity  of  thirty-two  fiiet  per 
second. 

A  second  phenomenon  of  daily  occurrence,  which  ia  in 
apparent  contradiction  to  the  laws  of  falling  bodies,  is  the 
ascent  of  liquids  in  tubes  by  saction.  licre,  again,  the  role 
applies,  not  to  allow  the  maxim,  vetle  reram  cognos 
to  lead  us  into  error  through  nselesa  and  therefore  harmful 
speculations  concerning  the  qualities  of  the  vacuum,  and  the 
like ;  on  the  contrary,  we  must  again  examine  the  phenome- 
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^■pBe  with  attention  aud  awakened  seoacH  ;  and  then  we  find, 
^'m  soon  OS  wo  pal  a  tube  to  tlie  moutli  to  raise  a  liquid,  that 
the  operation  is  at  lirat  quite  e&ay,  but  that  ofWrwarda  it  re- 
quires ao  amonnt  of  exertion  which  rapidly  increases  as  the 
column  of  liquid  becomes  higlicr.  f»  there,  perchance,  an 
ascertainable  limit  to  the  action  of  suction  ?  As  soon  as  we 
once  begin  to  experiment  in  this  direL'tiou,  it  can  no  longer 
escape  ua  that  there  is  a  barometric  height,  and  that  it  attains 
to  abont  thirty  inches.  This  number  ia  a  second  chief  pillar 
in  the  edifice  of  human  knowledge. 

Question  now  follows  question,  and  answer,  answer.  "We 
have  learned  that  the  pressure  exerted  by  a  column  of  fluid  ia 
proportional  to  itfi  height  and  to  the  specific  gravity  of  the 
fluid  ;  we  have  thus  determined  the  specific  gravity  of  the  at- 
mosphere, and  by  this  investigation  wc  are  led  to  carry  up 
our  measnring-inalriunent,  the  barometer,  from  the  plain  to 
the  mountains,  and  to  express  nnmerically  the  effect  produced 
by  elevation  above  the  sea-level  upon  the  height  of  the  mer- 
cury-column. Such  experiments  suggest  the  question,  Whether 
the  laws  of  falling  bodies,  with  which  wo  have  become 
Bcqaainted  at  the  surface  of  the  canh,  do  not  likewise  im- 
dergo  modification  at  greater  distances  from  the  ground. 
And  if,  as  d  priori  we  cannot  but  expect,  this  should  be  really 
the  case,  the  further  question  arises.  In  what  manner  is  the 
number  already  found  modified  by  distance  from  the  earth? 
We  have  thus  come  upon  a  problem  the  solution  of  which  ia 
attended  with  many  diflicultics  ;  for  what  has  now  to  be  ac- 
cOTDpUshed,  is  to  make  observations  and  carry  out  meaaurs- 
menla  in  places  where  no  human  foot  can  tread.  History, 
however,  teaches  that  the  same  man  who  put  the  question 
waa  also  able  to  furuisb  the  answer.  Truly  he  could  do  so 
only  through  a  rich  treasure  of  astronomical  knowledge.  But 
how  is  thia  knowleilge  to  be  attained  by  us? 

Astronomy  is,  without  question,  even  in  its  first  principles, 
tbe  most  difficult  of  all  sciences.     We  have  here  to  deal  with 


olgeete  and  spmo&BiMA&MA  all  tiboa|^  of 

ivliile  at  tiie  Bame  tune  tliA  mrttinmi  nt  Hhm  l«MM|i^fuff|4ff  hmr 

onljr  bodies  are  of  bo  oompHeafted  a  kind,  ibtA  m^nmumnkiA 

'adeiioe,  in  its  stately  imiHIding,  is  lif^httycimMiids^ 

est  trimnpli  idieraof  Inunaii  iwtnlhwt  heva  feaknria  aUa  to 

boast. 

Li  accordanoe  wilii  the  natural  ruk  lliati  botii  in  partieor 
lars  and  in  general,  man  has  to  begin  nift  that  nUdi  is 
easiest  and  then  to  advance  sl^  bj  stqp  to  what  is  Biove  diflt 
colt,  it  might  well  be  supposed  that  astronomj  must  Iiaif«  aip- 
zxred  at  a  flourishing  state  of  dendopmeat  later  ttan  aagf 
other  branch  of  human  knowledge.  But  it  is  well  known  thai 
in  reality  the  direct  of^posite  was  the  ease^inaamneh  as  it 
precisely  in  astronomy,  and  in  no  other  braadi,  that  the 
liest  peoples  attained  to  really  sound  knowledge.  It  may, 
indeed,  be  asserted  that  the  science  of  the  heaTenly  bodiai 
had  in  antiquity  reached  as  high  a  degree  of  perfection  as  the 
complete  want  of  all  the  auxiliary  sciences  rendered  possible. 

This  early  occurrence  of  a  vigorous  development  .of  .as- 
tronomy, which,  indeed,  was  a  necessary  fiirenmner  of  the 
other  sciences,  since  it  alone  furnished  the  necessary  data  for 
the  measurement  of  time,  is  observable  among  the  most  fa- 
rions  races  of  mankind :  the  reason  of  it,  moreover,  lies  in 
the  nature  of  things,  and  in  the  constitution  of  the  human 
mind.  It  furnishes  a  remarkable  proof  that  a  rig^  method 
is  the  most  importcmt  condition  for  the  successful  prooecuiion 
of  scientific  inquiry. 

The  explanation  of  this  phenomenon  lies  in  the  &et  that 
the  need  which  was  felt  at  a  very  early  period,  of  a  commOD 
standard  for  the  computation  of  time,  made  it  neosssazy  to 
institute  observations  such  that  their  i^esuhs  required  to  be 
expressed  by  definite  numbers.  There  'iras  a  foH  neeessiiy  of 
determining  the  time  in  which  the  sun  accomplishes  his  di^ 
cuit  through  the  heavens,  as  well  as  the  time  in  whidi  the 
moon  goes  through  her  phases,  and  other  dmilar  qoestfans. 


rMJJsa  BODiss  at  obsat  HMaRre. 


■  order  to  meet  this  aecessity,  there 
take  up  the  Book  of  Nature,  after  the 
and  critics,  merely  to  cover  it  with  gloasea 


temptatioa  lo 
of  expoeitors 


^2^1 


Mit  eitler  fiede  wird  hier  niohts  gesobafil." 
It  waa  numbers  that  were  sought,  and  numbers  that  v 


The  overpowering  force  of  circumstances  constrained 
the  spirit  of  inquiry  into  the  right  path,  and  therein  led  it  at 
once  fi-om  success  to  success. 

Now  Ihat  afler  loog-continued,  accurate,  and  fortunate 
obserrationa  the  needful  knowledge  of  the  courses  and  dia- 
laaces  of  the  nearest  heavenly  bodies,  as  well  as  of  the  figure 
aad  size  of  the  earth,  has  been  acquired,  we  are  in  a  position 
to  treat  the  question,  What  is  the  numerical  infiuence  exerted 
by  increased  distance  from  the  earth  upon  the  known  laws  of 
falling  bodies?  and  we  thus  arrive  at  the  pregnant  discovery 
that,  at  a  height  equal  to  the  earth's  semidiameter,  the  di^ 
tance  fallen  through  and  the  final  velocity,  for  the  first  second, 
is  four  times  less  than  on  the  surface  of  the  e^rth. 

In  order  to  pursue  our  inquiry,  let  us  now  return  to  the 
objects  which  immediately  surround  us.  From  the  earliest 
times,  the  phenomena  of  combustion  must  have  claimed  in  an 
especial  degree  the  atlentiou  of  mankind.  In  order  to  e»- 
plain  them,  the  ancients,  in  accordance  with  the  method  of 
their  naturalistic  philosophy,  put  forward  a  peculiar  upward- 
striving  element  of  Fire,  which  in  conjunction  with,  and  in 
opposition  to,  Air,  Water,  and  Earth,  constituted  all  lhat  ex- 
isted. The  necessary  consequence  of  this  theory,  which  they 
discussed  wilb  the  most  acute  sagacity,  was,  lhat  in  regard  to 
the  phenomena  in  question  and  aQ  that  related  to  them,  they 
remained  in  complete  ignorance. 

Here,  again,  it  is  quantitative  delenmnations,  it  is  nom- 
bers  alone,  which  put  the  Ariadne's  clue  in  our  band.  If  wo 
want  to  know  what  goes  on  during  the  phecomena  of  com- 
boation,  we  must  tetigh  the  substances  before  and  afler  they 
14» 


«M  bmmed;  and  hap  At  ImwUgbjm  h>Wrntoi^y» 
qpdrid  of  tbe  wd||^  of  gBseooi  bodies  eomot  to  ott  «id. 
We  Umq  find  that,  in  evwj  cue  of  fwmlwwrtnB,  MjMuNtat 
wbidi  previiNia^  existed  in  a  00p«rate  Mate  on^ 
mate  nnion  with  each  other,  and  that  the  total  welg^  of  die 
■ttbetancee  xemaina  the  same  bodi  before  aad  after  Ite  ebmbi- 
nation.  We  thne  come  to  knoirtfae  diflferent  bodieo  in  iSbmr 
aqparate  and  in  their  combined  atatea,  and  leam  hour  to  tMoa- 
form  them  from  one  of  these  stalea  into  the  other;  itm  lean, 
^  instance,  that  water  ia  con^oaed  of  two  kinda  of  air  iriiidi 
combine  with  eadi  <ylher  in  the  proportioB  of  1x8.  Am  en* 
trance  into  diemical  sdence  is  thus  <qwned  to  na,  andHHimi- 
merical  laws  idiidi  legolate  the  eomfainalkas  of  mailer  (im 
Stdehionuirte)  hang  like  iipe  froit  before  na. 

As  we  proceed  farther  in  our  investigations,  we  find  that 
in  all  diemical  operations— combinations  as  well  as  decompo- 
sitions—changes of  temperatore  occnr,  which,  according  to 
the  varying  drcomstances  of  diffisrent  cases,  are  of  all  de- 
grees of  intensity,  from  the  most  violent  heat  downwards. 
We  have  measored  quantitatively  the  heat  developed,  or 
counted  the  number  of  heat-nnits,  and  have  so  come  into  pos- 
session of  the  law  of  the  ev<dation  of  heat  in  ftKawwj^  pro- 


We  have  long  known,  however,  that  in  inmuneraUe 
heat  makes  its  appearance  where  no  diemiral  action  la  gobag 
on ;  for  instance,  whenever  there  is  friction,  when  mielastie 
bodies  strike  one  another,  and  when  afiriform  bodiea  are  com- 
pressed. 

What  then  takei  place  when  heal  ie  eaolvad  m  sndk  tpayi 
aelheaef 

We  are  tangfat  by  histoiy  that  in  this  case  alao  the  most 
aagadons  hypotheses  concerning  the  state  and  natora  of  a 
peculiar  ^^  matter  **  of  heat,  concerning  a  '^thermal  arttMr,** 
whether  at  rest  or  in  a  state  of  vibration,  eoooendng  ^ 
mal  atoms,**  sappooed  to  exercise  their  fanctjons  in  the 


p 
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:e  between  the  inat«ri&]  atoms,  or  other  hypothesefl  of  like 
nature,  hare  not  availed  to  solve  the  problem.  It  is,  notirith- 
standing,  of  no  lees  wooderfullj  simple  a  nature  than  tlie  laws 
of  the  lever,  about  which  the  iuundcr  of  the  peripatetic  phi- 
.loaophy  cudgelled  hta  brains  in  vain. 

After  what  has  gone  before,  the  reader  cannot  be  in  any 
idonbt  ahoat  what  is  the  course  now  to  be  pursued.  We  most 
again  make  quantitative  determinations :  we  must  measure 
and  count. 

If  we  proceed  in  this  direction  and  measure  the  quantity 
of  heat  developed   by  mechanical  agency,  as  well  aa   the 

lount  of  force  used  up  in  producing  i(,  and  compare  these 
[uantities  with  each  other,  we  at  once  find  that  they  stand  to 
each  other  in  the  simplest  conceivable  relation — that  is  to  say, 
in  an  invariable  direct  proportion,  and  that  the  proportion  also 
liolds  when,  inversely,  mechanical  force  is  again  produced  by 
the  aid  of  heat. 

Patting  these  facts  into  brief  and  plain  language,  ne  may 
Bay,  I 

Metit  and  motion  are  iTans/ormable  one  into  the  other. 

We  cannot  and  ought  not,  however,  to  tot  this  suffice  us.  \ 

:  require  to  know  how  much  mechanical  force  is  needed  ibr 
Ihe  production  of  a  given  amount  of  beat,  uod  conversely. 
In  other  words,  the  law  of  the  invariable  quantitative  relatiua 
between  motion  and  heat  must  be  expressed  nunterieaUy. 

When  we  appeal  hereupon  to  experiment,  we  find  that 
raising  the  temperature  of  a  given  weight  of  water  one  degree 
of  the  Centigrade  ecale  corresponds  to  the  elevation  of  an 
equal  weight  to  the  height  of  about  1,200  [FrenchJ  feet. 

Thit  number  ii  the  Mechanicai.  EQtrrvAi.ENT  of  Ueat. 

■^  The  production  of  heat  by  friction  and  other  mecbaaic&l 
"operatioas  is  a  fimdamental  fact  of  such  conxlant  occiureace, 
lliat  the  importance  of  its  establishment  on  a  scientific  basis 
will  be   recognised   by  naturalists  without  any  preiiminory 


liniiiM'iiiiiuii,  of  its  uMfnl  wtppSctAittB  $  jndy  ftv  •  A8 
rawm,  a  few  hiatoiical  xemaAs  toudiii^^  the 
■Itimrting  the  disooray  <if  the  CwfigMug  flinifaiiwiri  knr, 
irin  not  be  out  of  plaoe  here. 

In  the  Bommer  of  1840,  on  the  oeeaakn  of  Ueediag  En- 
vopems  newif  errnred  in  Javm,  I  made  the  obeer?alktt  thet 
the  blood  drawn  firam  the  rein  of  the  arm  poawiedi  dbnoil 
without  QQceoptionf  a  eiirprinni^y  br^^  rod  eolour* 

This  phenomenon  riveted  my  earnest  attentioD.  Starting 
ftom  JjKwmsaa^B  theoiy,  aoeording  to  ndudi  animal  haafc  ia 
the  reeolt  of  a  process  of  combastion,  I  regarded  the  twolbU 
dumge  of  coloor  which  the  blood  nadergoes  in  &e  o^iDariss 
aa  a  sensible  sign— as  the  visible  indication— of  an  ^^^r^Trfrm 
going  on  in  the  blood*  In  order  that  the  faoman  bod|j'  may 
be  kept  at  a  uniform  temperatore,  the  cfeve^pmenl  of  heat 
within  it  must  bear  a  quantitative  relation  to  ibe  heat  which 
it  loses — a  relation,  that  is,  to  the  ten4>eratiire  of  the  sor^ 
founding  medium;  and  hence  both  the  production  of  heat 
and  the  process  of  oxidation,  as  well  as  the  difference  in  col- 
cur  of  the  two  hinds  of  bloody  must  be  on  the  whole  less  in 
the  torrid  zones  than  in  colder  regions. 

In  accordance  with  this  theory,  and  having  regard  to  the 
hnown  physiological  facts  which  bear  upon  the  question,  the 
blood  must  be  regarded  as  a  fermenting  liquid  nndergoing 
dow  combustioB,  whose  most  important  function— that  is, 
sustaining  the  process  of  combustion — ^is  fulfilled  without  the 
constituents  of  the  blood  (with  the  .exception,  that  is,  of  the 
products  of  decomposition)  leaving  the  cavities  of  the  blood- 
vessels or  coming  into  such  relation  with  the  organs  that  an 
interchange  of  matter  can  take  {dace.  This  may  be  thus 
stated  in  other  words :  by  fisur  the  greater  part  of  the  assimi- 
lated food  is  burned  in  the  cavities  of  the  blood-vesseb  them- 
selves, for  the  purpose  of  producing  a  physical  effect,  and  a 
comparatively  small  quantity  only  serves  the  less  important 
end  of  ultimately  entering  the  substance  of  the  oegjum  then^ 
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r  ttfres,  eo  u  to  occasion  growth  and  the  renewal  of  the  worn- 
Oot  solid  parts. 

If  hence  it  follows  that  a  general  balance  must  be  struck 
in  the  organism  between  receipts  and  expenditure,  or  between 
iraik  done  and  wear  and  tear,  it  is  anmistakably  one  of  the 
most  important  problems  with  which  the  physiologist  has  to 
deal,  to  make  himself  as  thoroughly  acquainted  08  it  is  possi* 
ble  for  bim  to  be  with  the  budget  of  the  object  of  bis  esami' 
nation.  The  wear  and  tear  consists  in  the  amount  of  matter 
consnmed ;  the  work  done  is  the  evolution  of  heat.  This 
Ittter  effect,  however,  is  of  two  kinds,  inasmuch  as  the  ani- 
r,  AkI  body  evolves  heat  on  the  oue  hand  directly  iu  ita  tfwn 
'  Interior,  and  distributes  it  by  communication  lo  the  objects 
immediately  surrounding  it ;  while,  on  the  other  hand,  it 
possesses,  through  its  organs  of  motion,  the  power  of  produc- 
ing beat  mechanically  by  friction  or  in  similar  ways,  even  at 
distant  points.     We  now  require  to  know 

Whether  the  heat  direeily  evolved  w  ALONI!  to  be  laid  to  the 
account  of  the  proceai  of  eotnbustion,  or  whether  it  it  the  aOM 
of  the  heat  evolved  both  direcdy  and  indirectly  that  it  ia  to  be 
taien  into  calculation. 

This  is  a  question  that  tonches  the  very  foundations  of  sci- 

«nce  ;  and  unless  it  receives  a  trustworthy  answer,  the  healthy 

» development  of  the  doctrine  concerned  is  not  possible.     For 

f  ft  has  been  already  shown,  by  various  examples,  what  are 

.   fhe  consequences  of  neglecting  primary  quantitative  deterroi- 

nations.     No  wit  of  man  is  able  to  furnish  a  substitute  for 

what  nature  offers. 

The  physiological  theory  of  combustion  starts  from  the 
fundamental  proposition,  that  the  quantity  of  beat  which  re- 
BUlia  from  the  combustion  of  a  given  substance  is  ipvariahle — 
that  is,  that  its  amount  is  uninfiaenced  by  the  circumstances 
b  accompany  the  combustion  ;  whence  we  infer,  "  in  ipe- 
"  that  the  chemical  eS'ect  of  combustible  matter  con  UQ- 
I  no  idteration  in  amount  even  by  the  vital  process,  or 


aOiisxiUnaid 

beat  oQi  of  Dochiiig. 
if  w  kold  firmio  Am  iihyMolDeieal  •zioM.tiM  an- 
to  tiK  ^pertMM  Halted  above  ia  alraady  g^vaii.  Fas*} 
toaitriinle  a^amlo  the  OK^gamam  tke  power 
wUck  liaa  JB9t  been  deniad  to  it,  it  caDDOi  be 
tbat  tbe  beat  wbkb  it  paodncea  can  ever  amount  to 
aakal  actmiiriiidi  takea  place.  On  the 
there  is,  dien,  no  alleniatiTe,  ahori  of  aa- 
crifioag  the  theocr  itadf,  bat  to  admit  that  the  taial  amount 
of  heat  erolied  bj  the  otganiam^  paidy  diiocd j,  and  partly 
mdiiecthr  br  mfchinifal  actioiif  oofresponda  qoantitatiTcfyf 
oris  eqaal  lo  the  amooont  of  eomboatioii. 

Hence  it  follows^  no  leaa  inevitaUr*  ikai  the  Jkemt  produced 
wtecAanicaii^  by  tkt  or^mirm  must  hear  an  invariable  quantiiur 
tire  relation  to  the  uork  expended  in  producing  iL 

For  if.  according  to  the  Taxring  construction  of  the  me- 
diankal  arrangements  which  serve  for  the  development  of 
the  heat,  the  same  amount  of  work,  and  hence  the  same 
amount  of  organic  combustion,  could  produce  varying  quanti* 
ties  of  heat,  the  qxiantitj  of  heat  produced  firom  one  and  the 
same  expenditure  of  nuUerial  would  come  out  smaller  at  one 
time  and  larger  at  another,  which  is  contrary  to  our  assump- 
tion. Further,  inasmuch  as  there  is  no  difference  in  kind  be- 
tween the  mechanical  performances  of  the  animal  body  and 
those  of  other  inorganic  sources  of  work,  it  follows  that 

AS  IXTARIABLE  QUAinTTATIYS  BEULTIOH  BETWEEN  HEAT 
AXD  WORK  IS  A  POSTULATE  OF  THE  PHTSIOLOGICAI.  THEOBT 
OF  OOMBUSTIOX. 

While  following  in  general  the  direction  indicated,  it  was 
accordingly  needful  for  me  in  the  end  to  fix  my  attention 
diiefiy  on  the  physical  connection  subsisting  between  motion 
and  heat ;  and  it  was  thus  impossible  for  the  existence  of  the 
mechanical  equivalent  of  heat  to  remam  hidden  finom  me. 
But,  although  I  have  to  thank  an  aoddent  for  thia  diaooTary, 
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it  ia  none  the  Ie§8  mj  own,  and  I  da  not  hesitate  to  assert  my 
right  of  priority. 

In  order  to  ensure  what  had  been  thus  discovered  agaiost 
casnaltiee,  Z  put  together  the  most  Import&nt  points  in  a  short 
paper  which  I  scot  in  the  spring  of  1842  to  Liebig,  with  a 
request  that  ho  would  insert  it  in  the  Annalen  der  Chemie  und 
Pharmacie,  in  the  forty-second  volume  of  which,  page  333,  it 
may  be  found  under  the  title  "  Bemerkungca  Uber  die  Krafle 
der  unbeleblcn.  Natur." 

It  waa  a  furtunatG  circumstance  for  me  that  the  reception 
given  to  my  unpretending  work  by  this  man,  giflcd  with  BO 
deep  an  insight,  at  once  secured  for  it  an  entraace  into  one  of 
the  first  scientific  organs,  and  I  seize  this  opportunity  of  pulK 
^m     Jicly  testifying  to  tlie  great  naturalist  my  gratitude  and  my 
^^^nMcem. 

^H         Liebig  himself,  however,  had  about  the  same  time  already 
^^L^ioted  out,  in  more  general  but  still  unmistakable  terms,  the 
^H  -eoniiectiou  subsisting  between  heat  and  work.     In  particular, 
^Hn-lte  asaerta  Uiat  the  heat  produced  mechanically  by  a  stcam- 
^B  ■  MDgine  is  to  be  attributed  solely  to  the  effect  of  combustion, 
which  can  never  receive  any  increase  through  the  fact  of  its 
producing  mechanical  effecU,  and,  through  these,  again  devel- 
oping heat. 

From  these,  and  from  similar  expressions  of  other  scien- 
tific men,  we  may  infer  that  seieooe  has  recently  enl«red  upon 
a  direction  in  which  the  esistence  of  the  mechanical  equiva- 
lent of  heat  could  not  in  auy  case  have  remained  longer  nn- 
percdved. 

In  the  paper  to  which  rcfereoce  has  been  made,  the  nat- 
tiral  law  with  which  we  are  now  concerned  is  referred  back 
to  a  few  liindamental  cnnccptiona  of  the  human  mind.  The 
proposiliou  that  a  magnimde,  wliicli  does  Oot  spring  from 
ootliiag,  cannot  be  annihUaled,  ia  so  simple  and  clear  that  no 
valid  argument  can  bo  urged  against  its  truth,  any  more  than 
■gainst  an  axiom  of  geometry ;   and  until  the  contrary  is 
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iwred  bj  some  hci  estabHahed  bejond  m,  doabt,  we  may  ao- 
ccpc  it  as  true. 

^ow  we  are  taught  br  experience,  that  neither  motioii  nor 
beat  eTer  takes  its  rise  except  at  the  expense  of  some  meas- 
nrable  object,  and  that  in  imnmieiabie  cases  motion  disi^ 
pears  withoat  anj  thmg  except  heat  mi^ViTig  |ts  appearance. 
The  axiom  that  we  have  established  leads,  then,  now  to  the 
condosion  that  the  motion  that  disiqppears  becomes  heat,  or, 
in  other  word^,  that  both  objects  bear  to  eadi  other  an  inTa- 
riahfe  qnanticatiTe  relation.  The  proof  of  this  condiision  hj 
the  method  of  experiment,  the  establishment  of  it  in  all  its 
details^  the  tracing  of  a  con^pkte  harmony  subsisting  between 
the  laws  of  thoi^t  and  the  objectiTe  world,  is  the  most  inter- 
esting«  but  at  the  same  time  the  most  comprehensiye  problem 
that  it  b  possible  to  find.  What  I,  with  feeble  powers  and 
without  anv  external  support  or  encouragement,  have  effected 
in  tiib  direction  b  truly  little  enough  ;  but — ultra  posse  nemo 
ohligcUus. 

In  the  paper  referred  to  (the  first  of  Mayer's  in  the  pres- 
ent volume)  I  have  thus  expressed  myself  with  regard  to  the 
genetic  connection  of  heat  an4  moving  force : 

"  K  it  be  now  considered  as  established  that  in  many 
cases  (exceptio  conjirmai  re^dam)  no  other  effect  of  motion 
can  be  traced  except  heat«  and  that  no  elher  cause  than  motion 
can  be  found  for  the  heat  that  is  produced,  we  prefer  the  as- 
sumption that  heat  proceeds  firom  motion,  to  the  assumption 
of  a  cause  without  effect  and  of  an  effect  without  a  cause-" 
just  as  the  chemist,  instead  of  allowing  oxygen  and  hydrogen 
to  disappear  without  further  investigation,  and  water  to  be 
produced  in  some  inexplicable  manner,  establishes  a  connec- 
tion between  oxygen  and  hydrogen  on  the  one  hand  and  water 
on  the  other."  "* 

From  this  point  there  is  but  one  step  to  be  made  to  the 
goal.  At  page  257  it  is  said :  ^'  The  solution  of  the  equa- 
tions subsisting  between  MLing^force  [that  is,  the  raising  of 
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weiglit]  and  motion  requires  that  the  spac«  fallen  tbroagh  in 
B  given  time,  e.  g.  the  first  second,  should  be  eiperimentally 
determined ;  in  like  manner,  the  solution  of  the  equations 
subsisting  between  falling-force  and  motion  on  the  one  hand 
and  heat  on  the  other,  requires  an  answer  to  the  questioD,  How 
great  is  the  quantity  of  heat  which  corresponds  to  a  given 
quantity  of  motion  or  falling-force?  For  instance,  we  must 
ascertain  how  high  a  given  weight  requires  to  be  raised  above 
the  ground  in  order  that  its  falling-force  may  be  equivalent  to 
the  raising  of  the  temperature  of  an  equal  weight  of  water 
from  0"  to  1°  C.  Tlic  attempt  to  show  that  such  an  equation 
b  the  expression  of  a  physical  truth  may  be  regarded  as  the 
substance  of  the  foregoing  remarks. 

"  By  applying  the  principles  that  have  been  set  forth  to 
the  relations  subsisting  between  the  temperature  and  the  vol- 
ume of  gases,  we  find  that  the  sinking  of  a  mercury  column 
by  which  a  gas  is  compressed  is  equivalent  to  the  quantity  of 
heat  set  fire  by  the  comprcsaioa ;  and  hence  it  follows,  the 
ratio  between  the  capacity  for  heat  of  air  under  constant  press- 
ure and  its  capacity  uuder  coDstant  volume  being  taken  as 
=  1-421,  that  t!ie  warming  of  a  given  weight  of  water  from 
0°  to  1"  C.  corresponds  to  the  fall  of  an  equal  weight  from 
the  height  of  about  365  metres." 

It  is  plain  that  the  expression  "  equivalent"  is  here  used 
in  quite  a  different  sense  from  what  it  bears  in  chemistry. 
The  difference  will  be  shown  most  distinctly  by  an  example. 
When  the  same  weight  of  potash  ia  neutralized,  first,  with 
sulphuric  acid,  then  with  nitric  acid,  the  uimibers  which  ex- 
press tbo  ratio  which  the  absolute  weights  of  these  three  sub- 
stances bear  to  one  another  are  called  their  equivalents ;  but 
there  is  no  thought  here  either  of  the  quautitatiye  cquility  or 
of  the  transformation  of  the  bodies  in  qnestion. 

This  peculiar  signification  which  the  word  "  equivalent* 
has  acquired  in  chemistry,  is  doubtless  connected  with  th» 
fact  that  the  chemist  has  been  able  to  determine  the  object  of 
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his  inyestigation  by  a  common  qoantitatiTB  stendard,  their  ab« 
Bolnte  weights.  Let  us  suppose,  however,  that  we  could  de- 
termine one  body,  for  instance  water,  only  by  weight,  and 
another,  water-forming  or  explosive  gas,  only  by  vofaime,  and 
that  we  had  agreed  to  choose  one  pound  as  the  unit  of  weight, 
and  one  cubic  foot  as  the  unit  of  volume ;  we  should  then  have 
to  ascertain  how  many  cubic  feet  of  explosive  gas  could  be  ol^ 
tained  from  one  pound  of  water,  and  conversely.  This  num- 
ber, without  which  neither  .the  formation  nor  the  decomposi- 
tion of  water  could  be  made  the  subject  of  calculation,  might 
then  be  suitably  called  '^  the  explosive-gas  equivalent  of  wa- 
ter," 

In  this  latter  sense  a  raised  weight  mig^  in  accordance 
with  the  known  laws  of  mechanics,  be  called  the  ^^  equiva- 
lent "  of  the  motion  resulting  from  its  fall.  Now,  in  order  to 
compare  these  two  objects,  the  raised  and  the  moving  weight, 
which  admit  of  no  common  measure,  we  require  that  con- 
stant number  which  is  generally  denoted  by  g.  This  number, 
however,  and  the  mechanical  equivalent  of  heat,  whereby -the 
relation  subsisting  between  heat  and  motion  is  defined,  belong 
both  of  them  to  one  and  the  same  category  of  ideas. 

In  the  paper  that  I  have  mentioned  it  is  further  shown 
how  we  may  arrive  at  such  a  conception  of  force  as  admits 
of  being  consistently  followed  to  its  consequences  and  is  sci- 
entifically tenable  ;  and  the  importance  of  this  subject  induces 
me  to  return  to  it  again  here. 

The  word  ^^  force  "  {Kraft)  is  used  in  the  higher  or  scien- 
tific mechanics  in  two  distinct  senses. 

I.  On  the  one  hand,  it  denotes  every  push  or  puU,  every 
effort  of  an  inert  body  to  change  its  state  of  rest  or  of  mo- 
tion ;  and  this  effort,  when  it  is  considered  «lone  and  apart 
from  the  result  produced,  is  caUed  "  pushing  force,"  "  pulling 
force,"  or  shortly  ^^  force,"  and  also,  in  order  to  fJia^ingniah 
between  this  and  the  following  conception,  *'^  dead  force  "  {vU 
mortua). 
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IL  On  the  other  hand,  the  prodnct  of  the  praflsore  into 
the  space  through  which  it  acts,  or,  again,  the  prodnct^^OT 
half-product— of  the  mam  into  the  square  of  the  velodtj,  is  7}^  ^ 
named  '^  force."  In  order  that  motion  maj  actually  occur,  it  *• 
is  in  fiBuct  necessary  that  the  mass,  whatever  it  maj  be,  should 
under  the  influence  of  a  pressure,  and,  in  the  direction  of  that 
pressure,  traverse  a  certain  space,  '^the  effectiTe  qMce" 
(  Wirkun^amn)  :  and  in  this  case  a  magnitude  which  is  pro- 
portional to  the  ^^  pushing  force  "  and  to  the  effective  apaoe, 
likewise  receives  the  name  '*  foree ;  ^  but  to  distinguish  it 
fipom  the  mere  pushing  force,  by  whidi  alone  motion  is  never 
actually  brought  about,  it  is  also  called  the  ^^  vU  viva  of  mo- 
tion,**  or  "  moving  force." 

With  the  generic  conception  of  **  force,"  the  H^dMar  me* 
chanics,  as  an  essentially  analytic  scieooe,  is  imA  ooiMxriMd* 
In  order  to  arrive  at  it,  we  nmsi,  according  to  iiMt  getwnl 
rule,  collect  together  the  characters  posseesed  in  fxmutMO  ly 
the  several  species.  As  is  wefl  known,  the  ddbiitMiu  to  ob- 
tained runs  thus— ^  Force  is  eveiy  filing  wLkii  hrist^  abovt 
or  tends  to  bring  about,  alters  or  tends  to  uher  voMMmJ^ 

This  definition,  however,  it  is  easy  \f»  m*.  in  taxitok^rMl ; 
for  the  last  fourteen  words  of  it  migiit  b«;  omiiu^  nxA  tte 
sense  would  be  still  the  same. 

This  erroneous  solution  is  occasioned  by  the  nature  of  tte 
problem,  which  requires  an  impossibility.  Her^  pwamnm 
(dead  force)  and  the  product  of  the  pressure  int//  tlie  dT^^^v* 
space  (Living  force)  are  magnitudes  too  thoroughly  nolilM;  to 
be  by  possibility  combined  into  a  generic  oon6epti//fi«  Press* 
ure  or  attraction  is,  in  the  theory  of  motion,  what  affinity  is 
in  chemistry— «n  abstract  conception :  living  force,  like  niiit^ 
ter,  is  concrete ;  and  these  two  kinds  of  force,  however  el//sely 
connected  in  the  region  of  the  association  of  i^leaii^  are  in 
reality  so  widely  separated  that  a  frame  which  sliould  talui 
them  both  in  mnst  be  able  to  indnde  the  whole  world* 

There  are  several  coneetvable  ways  of  escaping  firom  tiw 
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e  sp««k  of  aboohue  miglil, 
e  w«i^it,  mad  coibiBiag  wdgfat,  wilbaal  iu  erer  eater* 
•  S«M>Jc  idea  oat  at 
twB  w  BMire  neuunga  may  be  Ur 
TUa  b  wfaat  ia  Mfa&Il;  done  in 
Ae  U^ier  mecfcaatw,  aad  beaee  at  Am  btsadi  of  aeieoee  we 
IBM*  with  BO  moAion  of  a  generic  toneeftiaa  of  "  fDree." 

There  hm  been  no  \aA  of  rr mMinnilii  rinn n  to  cany,  in 
like  muoMr,  (be  notioos  of  "dead"  and  "  living  Torce"  u 
disthKt  and  separate  thra^fc  iIm  oUwt  depaitmeBta  of  eci- 
eDC« ;  it  has,  howerer,  be«n  found  inapoasible  lo  pnl  in  pnc- 
tko  andi  reeommeDdationB ;  for  the  nae  of  unbignoos  ex- 
preariona,  whicfa  can  in  no  case  contribnte  any  tbing  to  clears 
WM,  ia  altogether  in&dmis^le  if  confiision  can  possibly  tuiw. 
It  ia  tme  (hat  the  inatheiiialician  ii  in  no  danger  of  confouiid- 
ing  in  his  oJcolations  a  product  with  one  of  its  factors ;  but 
in  other  departments  of  knowledge  a  Fi-5t«inat)c  confUsion  of 
UeM  exists  on  this  point ;  and  if  anj  thing  is  to  be  done 
toward  clearing  it  np,  the  source  of  the  .error  masl  be  stopped  ; 
fiir  if  we  once  recognize  two  meanings  of  the  word  "  force," 

■  jl  would  be  the  labour  of  Sisjphus  to  try  lo  distinguish  be- 
Bjlwcen  them  in  each  separate  case.  In  order,  then,  lo  arrive 
Kitt  any  result,  wc  must  make  np  oar  minds  to  do  without  any 
UmnDian  denomination  of  the  n)ag;nitndea  mentioned  above, 
mMB  L  and  H.,  and  either  to  give  up  the  ose  of  the  word 
B*  force  "  altogether,  or  to  employ  it  for  one  only  of  these  two 

■  estegories. 

The  notion  of  force  was  consistently  employed  tn  the  lat- 
ter sense  by  Newton.     In  solving  his  problems,  he  decom- 
t  the  product  of  the  attraction  into  the  effective  spaoe 
I  faito  its  two  factors,  and  calls  the  former  by  the  name  "  force." 
As  an  objection  to  this  mode  of  proceeding,  it  must,  how- 
',  be  remarked  that  iu  many  cases  it  ia  not  possible  thus 
I  lo  decompose  the  product  in  qaestion.     Let  us  take,  for  in- 
l*ance,  the  following  rery  simple  case  :  a  mass  M.  originally 
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at  rest,  ie  caused  to  move  with  the  (uniform  final)  velority  e; 
from  the  knowledge  ol'  the  magnitudes  M  acd  c  it  ia  certainly 
possible  to  deduce  tlie  value  of  the  product  of  the  force  (in 
,Xcwtou's  Bcnse)  into  its  elfective  space,  but  we  are  not  thereby 
enabled  to  conclude  as  to  the  magnitude  of  this  force  itself. 

As  a  matter  of  fact,  the  neceasity  soon  made  ilaelf  felt  of 
treating  and  naming  this  product  as  a  whole.  It  also  has 
been  called  ''  force,"  and  the  expressions  "  t'u  viva  of  molioo," 
"moving force,"  "working force,"  "horse-power"  (orforee), 
"  muscular  force,"  &c.,  have  been  long  naturalized  in  science. 

However  happy  we  may,  in  many  respects,  think  the 
choice  of  this  word,  there  is  stilt  the  objcctioD  that  a  new 
meaning  has  been  fixed  upon  an  already  existing  technical 
expression,  without  the  old  one  having  been  called  in  from 
circolatioB  at  the  same  time.  This  formal  error  has  become 
o  Pandora's  box,  whenco  baa  sprung  a  Babylonian  confusion 
of  tongues. 

Under  existing  circumslancea  no  choice  is  left  ns  but  to 
withdraw  the  term  "  force  "  either  from  Newton's  dead  force 
or  from  Leibnit^e  Uving , fitter _  but  in  either  case  we  come 
into  conflict  willi  prevailing  usage.  But  if  once  we  have 
made  np  our  minds  to  introduce  into  our  science  a  logically 
accurate  use  of  terms,  even  at  the  cost  of  existing  expressions 
which  have  become  easy  and  pleasant  to  us  by  long  Dsago,  we 
cannot  long  hesitate  in  the  choice  we  have  to  make  betweea 
the  conceptions  I.  and  11. 

Let  us  consider  the  elementary  case  of  a  mass,  originally 
el  rest,  which  receives  motion ;  this  happens,  as  has  been  al- 
ready said,  by  the  mass  being  subjected  to  a  certain  push  or 
pull  under  the  influence  of  which  it  traverses  a  certain  space, 
the  effective  space.  Now,  however,  both  the  velocity  and 
also  tlie  intensity  of  the  push  (Newton's  force)  always  vary 
at  every  point  of  the  efiective  space ;  and  in  order  to  mul- 
tiply these  variable  magnitudes  into  effective  space,  that  b, 
to  deduce  the  <juantity  of  motion  from  the  intenstty  of  tbe 
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puhing  force,  we  nmit  call  in  the  aid  of  die  AtfAar  luAe* 
meiics. 

Bat  hence  it  followB  that,  except  in  Btadoe,  where  the  ef^ 
fective  space  is  nought  and  the  preasore  constant,  the  New- 
tonian conception  of  force  is  available  ocly  in  the  hi^^ 
branches  of  mechanics ;  and  it  is  plainly  not  advisable  so  to 
choose  our  conception  of  ^^  force ''  that  it  cannot  be  oonsiBt 
entlj  employed  in  that  branch  (namely,  the  elementary  parts 
of  the  theory  of  motion)  which  of  aU  others  is  diiefly  con- 
cerned with  fondamental  notions. 

It  is,  however,  a  totally  mistaken  method  to  try  to  adiqii 
the  idea  of  a  force,  such  as  gravity,  conceived  in  Newton's 
sense,  to  the  elementary  parts  of  science,  by  leaving  oat  of 
consideration  one  of  its  most  important  pn^ieities,  namely  its 
dependence  on  distance,  and  to  make  a  ^'  force  **  out  of  Grali- 
leo's  gravity  thus  inexactly  and  in  some  relations  most  incor- 
rectly conceived.  Some  such  ideal  force  (No.  III.)  seems 
to  hover  before  the  minds  of  most  writers  on  natural  science 
as  the  original  type  of  a  ^^  force  of  nature." 

Such  quantitative  determinations  as  hold  good  only  ap- 
proximately and  under  certain  conditions  ought  never  to  be 
employed  to  establish  definitions.  In  a  calculation,  it  is  true, 
we  may  correctly  enough  take  an  arc,  which  is  sufficiently 
small  in  comparison  with  the  radius,  as  equal  in  sixe  to  the 
sine  or  to  the  tangent ;  but  if  we  attempted  to  use  such  a  rela- 
tion in  settling  first  principles,  we  should  lay  a  foundation  for 
fallacies  and  errors. 

The  Newtonian  idea  of  force,  however,  transplanted  in 
the  manner  that  is  commonly  done  into  the  region  of  elementp 
ary  science,  is  no  whit  better  than  the  notion  of  a  straight 
curve,  Newton's  force,  or  attraction,  in  specie  gravity, jf,  is 
equal  to  the  differential  quotient  of  the  velocity  by  the  time ; 

that  is,  g^-y*    ThiB  expression  is  quite  exact,  but  in  order  to 

understand  and  apply  it  a  knowledge  of  the  higher  mathemat- 


ics  is  required.  On  the  other  hand,  it  is  quite  true  tbat,  eo 
long  89  we  have  to  do  only  with  caBes  in  wliicli  the  apa«e 
Allien  through  is  bo  Bmall  in  comparison  mth  the  eartli's  semi- 
diameter  that  it  may  be  disregarded,  the  equation  juat  given 

may  be  abbreviated  Into  the  very  conFenienl  form  ij=  -  with- 

ont  any  considerable  error ;  but  this  expression  can  never  be 
inathemattcally  exact  so  long  aa  the  space  fallen  tbrongh  has 
any  calculable  magnitude.  But  on  tbe  strength  of  an  equa- 
tion thus  radically  inaccurate,  there  are  planted  in  the  reeep- 
tive  mind  of  youth  such  false  notions  as — that  gravity  is  a 
uniformly  accelerating  {  ?)  force,  a  moving  (  ?)  force  whose  ac- 
tion is  proportional  to  the  time  (  ?)  ;  that  force  is  directly  pro- 
portional (?)  to  the  velocity  produced ;  and  many  other  like 
errore. 

It  would  certainly  bo  A  great  merit  if  auLhors  of  treatises 
on  physics  would  help  to  remedy  liiis  state  of  things,  and  in 
framing  their  definitions  would  start  only  from  thoroughly 
exact  determinations  of  magnitudes ;  for  elementary  physics 
in  its  present  form,  instead  of  being  a  weU-grounded  science, 
is  only  a  sort  of  half-knowledge,  such  that  on  parsing  to  the 
higher  and  strictly  scientific  departments  the  stndent  must 
try  to  forget  its  principles  and  theorems  As  quickly  as  ho  can. 

If  we  have  once  convinced  ourselves  by  unprejudiced 
examination  that  the  retention,  uuder  that  name,  of  the  con- 
ception of  force  distinguished  above  by  I.  has  noltking  but  its 
origin  to  recommend  it,  but  much  to  condemn  !t,  tlic  rest  fol- 
lows almost  spontaneously.  It  accords  with  the  laws  of 
thought,  as  well  as  with  the  common  usage  of  language,  to 
connect  every  proUnction  of  motion  with  an  expenditure  of 
force.     Hence  "  force  "  is — 

Something  uikick  it  expended  in  produeimj  motion ;  and  ' 
this  something  which  is  expended  is  to  be  looked  upon  as  a  ' 
cause  equivalent  to  the  effect,  namely,  to  the  motion  pro- 
duced. 
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TliiB  definition  not  only  oonespondf  perfedty  with  hdM^ 
but  it  accords  as  far  as  posnble  with  that  which  abeadj  ex- 
ists ;  for,  as  I  shall  show,  it  contains  by  implication  the  con- 
ception of  force  as  met  with  in  the  hi^er  mechanicsi  and  r0» 
fisrred  to  above  by  11. 

If  a  mass  M,  originally  at  rest,  while  traversing  the  effect- 
ive space  s,  under  the  inflnence  and  in  the  direction  of  the 
pressure  py  acquires  the  velocity  c,  we  have  jm=Mc^.  Since, 
however,  every  production  of  motion  implies  the  existence  of 
a  pressure  (or  of  a  pull)  and  an  effective  space,  and  also  the 
exhaustion  of  one  at  least  of  these  factors,  the  effective  space, 
it  follows  that  motion  can  never  come  into  existence  except 
at  the  cost  of  this  product,  jm=Mc^.  And  Ibis  it  is  whidi 
for  shortness  I  call  ^'  force." 

The  connection  between  expenditure  and  performance  (in 
other  words,  the  exhaustion  of  force  in  producix^  its  effect) 
presents  itself  in  the  simplest  form  in  the  phenomena  of  grav- 
itation. The  necessary  condition  of  every  falling  motion  is 
that  the  centre  of  gravity  of  the  two  masses  concerned  in  it 
(that  is,  of  the  earth  and  of  the  falling  weight)  should  ap- 
proach each  other.  But  in  the  case  of  the  falling  together  of 
the  two  masses, -the  approach  of  their  centres  of  gravi^ 
reaches  its  natural  Hmit,  and  hence  the  production  of  a  idl- 
ing movement  is  thus  bound  up  with  an  expenditure,  namely, 
with  the  exhaustion  of  the  given  falling-space,  and  thereby 
also  of  the  product  of  that  space  into  the  attraction.  The 
falling  down  of  a  weight  upon  the  earth  is  a  process  of  me- 
chanical combination ;  and  just  as  in  combustion  the  capacity 
of  performance  (that  is,  the  condition  of  the  development  of 
heat)  ceases  when  the  act  of  combination  comes  to  an  end,  so 
also  the  production  of  motion  ceases  when  the  weight  ]#s 
fallen  to  its  lowest  position.  The  weight,  when  lying  on  the 
solid  ground,  is,  like  the  carbonic  acid  formed  in  combustion, 
nothing  but  a  caput  mortuum^  The  affinity,  whether  mechan- 
ical or  chemical,  is  still  there  after  the  union  just  as  much  as 
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'before,  and  opposes  a  certain  resiBtance  to  the  reduction  of 
the  com  pound ;  but  its- power  of  performanco  {Leiitunga- 
fdhigkeit)  is  at  an  end  as  soon  aa  there  is  no  further  available 
fUling-space. 

Whenever  the.  attraction  becomes  indefinilclj  small,  or 
coBsea  altogether,  space  is  no  longer  efiectivc  space ;  and  thos 
it  follows,  from  the  diminution  which  gravity  undergoes  with 
dietfiQce,  tliat  falling-space  is  limited  in  the  centrifugal  diroo 
tion  also,  and  hence  that  the  cause  of  motion  or  "  force  "  is, 
under  all  circumstances,  a  finite  magnitude  which  becomes 
exhausted  in  producing  its  effect. 

This  fundamental  physical  truth  will  be  most  easily  per- 
ceived wheu  applied  to  a  special  case  and  reduced  to  figures. 
When  a  pound  weight  is  lifted  one  foot  from  the  ground,  the 
available  force  is,  as  every  one  knows,  =oqo  foot-pound.  If 
the  falling'beight  of  this  weight  amounts  to  n  feet,  n  not  be- 
ing a  large  nnmber,  the  force  may  be  taken  as  approximately 
^n  foot-pounds.  But  supposing  n,  or  the  original  distance 
of  the  weight  from  the  earth,  to  he  very  considerable,  or  in- 
deed infinite,  the  force  (that  is,  the  number  of  foot-pounds) 
does  not  by  any  means  thereby  become  infinite,  but,  according 
to  Newton's  law  of  gravitation,  it  becomes  at  most  —r  foot- 
pounds, where  r  is  the  number  of  feet  contained  in  the  earth's 
B^emidiameter.  Thus  how  great  soever  the  distance  through 
faich  a  weight  falls  against  the  earth,  or  the  time  occupied 
f  its  fall  may  be,  it  can  acquire  no  higher  final  velocity  than 
A|450  Parts  feet  per  second.  On  the  other  hand,  were  the 
■a  of  the  earth  four  times  b.s  great  as  it  is,  its  bulk  remain- 
g  the  same,  the  force  would  likewise  become  four  times  aa 
at,  and  the  maximum  velocity  would  be  68,900  feet. 

e  of  the  essentials  of  a  good  lerminology  that  it 
lionld  put  fundamental  facta  of  this  kind  in  a  clear  light; 
lily  the  opposite,  however,  is  done  by  the  nomenclatare  at 
it  in  use.    A.  few  e^reasions,  employed  by  a  very  meri- 
15 
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torioos  satiu-Bilist  in  combadng  my  views,  maj  serre  U>  sap- 
jiort  this  assertion. 

*'  Allhougb,"  he  sajfi,  "  it  is  quite  trne  that  in  natore  no 
motion  can  be  annihilated,  or  that,  as  it  is  cnmmoEily  ex- 
pressed, the  quantity  of  motion  once  in  existence  continues 
nnceasingly  and  without  any  lessening,  and  although  in  this 
sense  the  character  of  indestractibililj  belongs  to  evciy  prox- 
imate TAViae  even,  every  primary  cause,  that  is,  every  Inw 
physical  force,  possesses  the  additional  characteristic  of  being 
inexhaustible.  These  characteristics  will  best  admit  of  being 
unfolded  by  the  closer  consideration  of  groi-ity,  the  moit 
active  and  widely  diffused  of  the  natural  forces  (primary 
es),  which,  as  it  were  the  soul  of  the  world,  indestructi- 
bly and  inexhaustibly  upholds  the  life  of  those  great  masses 
on  whose  motions  depends  the  order  of  the  universe,  while 
requiring  no  food  Irom  without  to  call  forth  its  ever  renewed 
activity." 

K  these  words  are  intended  to  contain  a  material  contra- 
diction of  the  views  I  have  put  forward,  they  most  be  meant 
to  imply  that,  by  virtue  of  its  being  iaexhaustiUo,  the  altroel* 
ive  power  of  the  earth  must  he  capable  of  imparting  to  a  fall- 
ing weight,  under  eertaiu  conceivable  circumstances,  an  infin- 
ite velocity.  But  our  author  himself  in  several  places  lets  na 
see  that  he  has  a  (quite  well-founded)  mistrust  of  any  so  de- 
cided a  conclusion :  this  is  shown  in  the  following,  among 
otlier  passages :  "  If  we  follow  up  the  chain  of  causes  and 
effects  to  its  first  beginnings,  we  come  at  length  to  the  true 
forces  of  nature,  to  those  primary  causes  whose  activity  does 
it  require  that  they  should  be  preceded  by  any  others,  which 
ask  for  no  nourishment,  but  which  can  ever  call  forth  new 
motions,  as  it  wore,  out  of  an  iaexbauslihle  soil,  and  can 
uphold  and  quicken  those  that  are  already  in  beiog."  ' 

Again :  "  If  the  moon  every  moment  falls,  at  least  vir- 
K  tually,  a  certain  distance  toward  the  earth,  what  is  the  force 
H     which  the  next  moment  pulls  it  away  again,  as  it  were,  in 


I 
I 
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order  to  give  riao  to  a  new  ialling  force  ?  It  is  precisely  its 
indestmcttbility  and  inexhauatibility,  its  power  at  all  times 
a.ad  aader  all  circumstances  to  bring  aboat  witboat  ceasing, 
at  least  virtually,  the  same  effects,  that  is  the  essence  of  every 
true  force  or  primary  cause." 

This  "  as  it  were  "  and  "  at  least  virtually,"  which  always 
slips  in  at  the  critical  caonient,  affords  room  for  the  suspicion  . 
that  our  author  is  tiimself  not  quite  confident  of  the  power 
of  his  '^  true  natural  causes  "  to  give  rise  to  an  Inexhaustible 
amount  of  motion  (of  actual  exertion  of  force)  ;  aud  the  in- 
definiteness  of  these  expressions  is  qoite  characteristic  of  the 
Protean  part  which  the  force  of  pravity  plays  in  writings  on 
natural  science.  The  most  arbitrary  explanations  are  ^ven 
of  this  word,  and  then,  when  facts  no  longer  admit  of  any 
thing  else,  a  retreat  is  sought  in  the  Newtonian  conception. 

Gravity  being  called  a  force,  and  at  the  same  lime  the 
term  force  being  connected,  in  accordance  with  the  common 
use  of  language,  with  the  conception  of  an  object  capable  of 
producing  motion,  leads  to  the  fabe  assumption  that  a  me- 
chanical effect  (the  produciioa  of  motion)  can  be  produced 
without  a  corresponding  expenditure  of  a  measurable  object ; 
and  here  is  likewise  plainly  the  reason  why  our  author  could 
neither  keep  clear  in  his  fade  nor  consistent  in  his  reasoning. 
If  once  the  production  of  motion  out  of  nothing  is  granted, 
the  annihilation  of  motion  must  also  be  admitted  as  a  conse- 
quence ;  and  the  magnitude  of  motion  must,  in  accordance 
with  this  assumption,  be  simply  proportional  to  the  velocity, 
or  —Mc,  and  the  '*  quantity  of  motion  once  in  existence " 
must  be  ^=+Jl/c — Me^Q.  But  notwithstanding  liis  "  inex- 
haustible forces,"  the  writer  referred  to  expressly  declares 
that  motion  ia  indestructible  ;  but,  instead  of  stating  his  opin- 
ion as  to  what  becomes  of  motion  which  disappears  by  fric- 
tion, he  says  in  another  place  again  that  it  remaiua  "unde- 
cided" whether  the  effect  of  a  force  (the  amount  of  motion 
produced  by  it)  is  meaanred  by  the  first  or  by  the  second 
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power  of  the  Tdodty  (tliat  is,  idiellier  it  is  or  is  not  de- 
tlmctrble) :  he  even  appears;  from  rq^aied  ezpressioiis,  to 
liold  it  possible  that  a  given  quantity  of  beat  can  piodnoe  mo- 
tion ad  ir^nUum  I  If  snch  were  the  due,  it  would  eertainlf 
be  useless  to  consider  the  convertibility  of  these  magni- 
todes :  the  ground  would  rather  have  been  won  for  the  contact 
theory. 

The  polemics  of  my  re^tected  critic^  whom  I  have  hers 
iDtroduced  as  the  representative  and  spokesman  of  prevailing 
views,  and  to  whom  I  feel  that  my  sincere  thanks  are  due  for 
his  attentive  examination  of  my  first  publication,  appear  to 
me  to  be  necessarily  without  result,  inasmuch  as  the  first 
problem  in  combating  my  assertions,  which  all  revolve  about 
the  one  point  of  an  invariable  quantitative  relation  between 
heat  ajid  motion,  must  be  to  find  out  that  this  relation  is  va- 
riable, and  in  what  cases.  Formal  controversy  without  a 
material  basis  is  only  beating  the  air ;  and  as  to  what  relates 
specially  to  the  questions  about  force,  the  first  point  to  con- 
sider is,  not  what  sort  of  thing  a  ^'  force "  is,  but  to  what 
thing  we  shall  give  the  name  "  force."  Backwards  and  for- 
wards talk  about  gravity  is  frnitiess,  since  all  who  understand 
the  matter  are  agreed  as  to  its  nature ;  for  gravity  is  and  re- 
mains a  differential  quotient  of  the  velocity  by  the  time,  di- 
rectiy  proportional  to  the  attracting  mass,  and  inversely  pro- 
portional to  the  square  of  the  distance  :  on  this  point  a  final 
decision  was  come  to  long  ago.  But  whether  it  is  expedient 
to  call  this  magnitude  a  force  is  quite  another  question. 

Since,  whenever  an  innovation  of  essential  importance  is 
proposed,  the  public  is  so  ready  to  misapprehend,  I  wiQ  here 
state  once  more,  as  clearly  as  I  can,  my  reasons  for  saying 
that  '^  the  force  of  gravity  "  is  an  improper  expression. 

It  is  an  unassailable  truth  that  (he  production  of  every 
fidling  motion  is  connected  with  a  corresponding  expenditure 
of  a  measurable  magnitude.  This  magnitude,  if  it  is  to  be 
made  an  object  of  scientific  investigation  (and  wiiy  should  it 
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t  iBot?),  mnst  bare  a  naine  given  to  it;  and  in  sccordance  with 

F^e  logical  instinct  of  man,  as  manifested  in  the  genius  of  Ino- 

r'jgn&ge,  no  other  name  can  bo  here  chosen   than  the  word 

'*  force."     But  since  this  eipresaion  ia  already  used  in  a  quite 

I  Afferent  sense,  we  might  be  tempted  to  create  for  the  coucep- 

rVon  which  is  as  yet — in  the  fundamental  porta  of  science  at 

imed  an  entirely  new  name.     But  before  betaking 

I  parsclvea  to  thia  extreme  course,  which  for  reasons  that  are 

r  w>t  far  to  seek  would  be  the   one  whereby  we    should   be 

I  vrought  most  into  conflict  with  existing  usage,  it  is  reasonable 

'  to  inquire  whether  Ihe  word  "  force,"  which  in  iteelf  answers 

BO  well  to  the  requirements  of  the  ca«e,  is  in  its  right  place 

where  it  was  first  put  by  the  schools. 

According  to  the  common  custom  of  speech,  we  under- 
MAQd  by  "  force  "  something  moving — a  cause  of  motion ;  and 
J  Hi  on  the  one  hand,  the  eipression  "  moving  force "  is  for 
I  ^this  reason,  strictly  speaking,  a  pleonasm,  the  notion  of  a  not 
loving  or  "  dead  "  force  ia,  on  the  other  hand,  a  contradidio 
r«R  adjedo.  If  it  be  said,  for  instance,  that  a  load  which 
la  with  its  weight  on  the  ground  exerts  thereby  a  force — 
ra  force  which,  though  never  so  great,  is  unable  of  iiself  to 
;  about  the  smallest  morement — the  mode  of  conception 
d  of  expression  is  quite  justified  by  scholastic  usage,  but  it 

I  BO  far-fetched  that  it  becomes  the  source  of  unnumbered 

Between  gravity  and  the  force  of  gravity  there  is,  so  far  ■ 

I I  know,  no  difference ;  and  hence  I  consider  the  second 
■fB^rassion  unscientific,  inasmuch  as  it  is  tautological. 

Let  it  not  be  objected  that  the  "  force  "  of  pressure,  tbo 
••ibrce"  of  gravity,  cohesive  "force,"  &c.,  are  the  higher 
:s  of  pressure,  gravity,  and  the  like.  The  exact  sciences 
1  concerned  with  phenomena  and  mcasnrabtc  quantities. 
!  first  cause  of  things  is  Deity — a  Being  ever  inscrutible 
J  the  intellect  of  man ;  while  "  higher  causes,"  "  supersen- 
lous  forces,"  and  the  rest,  with  oil  their  consequences,  be- 
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Forcv  aai  maoer  are  iilwinwAible  objects.     This  law,  to 

VUL-&  xaiiivsi^sal  mcts  maj-  most  sin^plr  be  relerred,  and 

w^Hi  i^rer'.-'rY  I  auciit  ugaiaiiielr  call  tlie  heliocentric  stand- 

pcin:.  .*ccsg::z:«5  a  zduoial  basis  for  phvsics«  diemistnr,  phjs- 

Azxgg  uie  fiKis  vhicb,  though  known,  hsTe  been  bith- 
eno  ocly  ecirxrk-:&Ihr  escab&hed  and  bare  remained  isolated, 
Nc  whx*i:  c&n  be  easur  ret«iT>?d  to  this  natoral  law,  is  the  one 
thas  electric  azd  maraecie  anrmction  cannot  be  isolated  any 
mere  than  fTavitr,  or  that  the  strength  of  this  attraction 
nsdersces  co  alteratioii.  so  Ion?  as  the  distance  remains  the 
sazie,  bT  the  iaterrening  of  indi£ferent  substances  (non-con- 
doctors). 

Among  facts  whidi  hare  remained  unknown  up  to  the 
most  recent  times*  I  will  refer  onlr  to  the  inflnenoe  whidi  the 
ebb  and  flow  of  the  tide  exerts,  in  accordance  with  the  known 
laws  of  mechanics,  on  the  ntotion  of  the  earth  abont  its  axis, 
A  fact  of  such  importance,  standing,  as  it  does,  in  dose  rela- 
tion with  the  fundamental  law  jnst  stated,  having  been  able 
to  escape  the  attention  of  naturalists,  is  of  itself  a  proof  that 
the  prevailing  svstem  has  no  exclusive  title. 

Fot  the  rest,  it  will  not  have  escaped  those  who  are  no* 
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^B|Hinl«d  irith  the  modem  literature  of  science  that  a  modifi- 
^HiiUon  of  scientific  language  in  the  senac  of  my  views  ia  act- 
^HkU^  beginning  to  take  place.     But  in  matters  of  this  kind 
^Hbt  chief  part  of  the  work  must  be  Icfl  to  time. 
^T-    According  to  what  lias  been  eaid  thus  far,  the  vis  viva  of 
motion  must  be  called  a  force.     But  sinc«  the  expression  vu 
viva  denotes  in  mechanics,  not  only  e.  magnitude  which  is 
proportional  to  the  mass  and  to  th<^  square  of  its  velocity,  but 
also  one  which  is  proportional  to  the  moss  ant]  to  the  heiglit 
from  which  it  has  fallen,  force  thus  conceived  naturally  di- 
vides itself  into  two  very  easily  distinguished  species,  each  of 
which  requires  a  distinct  teL'huicftl  name,  for  which  the  words 
mutton  {Beuxgung)  and  fallin^/orce  {^FaUkrafl)  seem  to  me 
the  most  appropriate.* 

Hence,  according  to  this  definition,  "  motion "  is  always 
measured  by  the  product  of  tlie  moved  moss  into  the  aipiare 
of  the  velocity,  never  by  the  product  of  the  mass  into  the 
velocity. 

By  "  falling.force  "  we  understand  a  raised  weight,  or  still 
more  generaUy,  a  distftnce  in  space  between  two  ponderable 

[*  Tbe  diat[iiction  here  dr&irn  bclwecn  "  Tuotion"  uid  "  bUing'force  " 
la  Ifae  ume  u  that  mule  bj  HdmholU  {Dit  ErhaOang  der  Kra/t,  1847) 
batveen  "vu  niea" {l^emligt Kraft) tn-i  "tension"  (Spantrafi).  TheEng- 
Dih  eipreBsioDS  "  d jnunicul  eni^r^  "  and  "  Btatical  energy  "  were  used  by 
Pn>£  W.  Thamson  (PhiL  Mag.  S.  toL  iv.  p.  304,  1832)  b  the  aame  aetM^ 
bM  w«re  aflenrards  abandoned  by  him  in  favour  of  the  tenus  "  actual  Sft-  . 
«^"  tnd  "pol«ntial  mer^ "  introdaced  bf  ProT.  Riin]iii>&  Hore  r«- 
MnHyCOood  Wonli"  far  October,  186S)  Profeaaors  Thonuon  and  Tait 
hava  emplojod  tho  exprcaaian  " kinetic  energy "  inptacaof  "actual  ener- 
gy." The  Gennan  word  Kra/I  in  the  ieit  has  bcoi  uoiTornit;  truialaled 
fiirte,  to  wlurh  term  the  arabigoit;  of  the  Gurman  oripnal  has  thus  bem 
binaTnTed.  This  ambiguitj,  however,  may  be  avtrided  in  English  by  al- 
lowing the  word  "force"  to  retain  tbe  meaning  which  it  bean  in  eomiDoo 
hngdage,  that  ia,  to  denote  all  reaiatanccB  which  it  requirea  the  exertion  of 
a  pnMT  to  overcome  (whence  tbe  eipressions  graviisluig  force,  cohedvo 
lOMib,  Me.),  and  b;  using  the  word  "energj  "  to  denote  forco  u  defined  bf 
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bodiflt.  Li  miiy  emm  filling  iwo  it  mi— iimI  irffc 
doit  mocanncj  hj  iStm  pvodnet  of  Aft  rafatiii  wm^gtA  inio  9i 
beil^;  and  the  ezpreaBioiiB /^ feot^poond,*  ** kilogmiiia^ 
mefcn,"  '^hoiaepowei,*  and  maiij  odMsa,  are  confaulioMJ 
aito  for  tlie  inoaBiniiiiiMint  of  tliia  foree,  ^Hncb  lia;ve  of  lato 
eome  into  genefal  me,  eqwrially  in  practfcal  medianica,  Bnl 
in  order  to  find'tiie  exact  quantitative  ezpreasion  fiir  the  mag- 
nitode  in  question,  we  nnut  conaider  (at  leaat)  two  maam 
exiiiting  at  a  determinate  diatanoe  ficom  eadi  other,  winch  ae- 
qnire  motiwi  by  mntnaPy  approafhing;  and  we  mnat  inreiti- 
gate  the  relation  whidi  exists  between  the  conditions  of  the 
motion,  namely,  the  magnitnde  of  the  maasfis  and  their  orig- 
inal and  final  distance,  and  the  amonnt  d  motion  prodnoed* 

It  very  remarkably  liiq[qpens  that  this  relation^ia  the  sim- 
plest conceiyable ;  for,  according  to  Newton's  Inw  of  gravita- 
tion, the  quantity  of  motion  produced  is  directly  proportional 
to  the  masses  and  to  the  space  through  which  they  fidl,  but 
inversely  proportional  to  the  distances  of  the  centres  of  grav- 
ity of  the  masses  before  and  after  the  movement.  That  is, 
if  A  and  B  are  the  two  masses,  c  and  ^'  the  velocities  which 
they  respectively  acquire,  and  h  and  hf  their  original  and  final 
distances  apart,  we  have 

• 

^  h.h' 

or  in  words,  the  faUing'/arce  is  tqwd  to  ike  produd  of  Ae 
moBses  inio  the  space  fallen  through  divided  hy  the  two  distancesm 
By  help  of  this  theorem,  which,  as  will  be  easily  seen,  is 
nothing  but  a  more  general  and  convenient  erpremoa  of 
Newton's  law  of  gravitation,*  the  laws  of  the  fiidl  of  bodies 

*  Newton^B  formulA  relates  to  the  particular  case  in  which  the  two  dia* 
tanoes  (the  initial  and  the  final  distance)  are  equal,  so  that  their  product 
beoomei  a  square.  In  this  case,  however,  both  the  qiaoe  fidlen  throqi^ 
and  the  velocity  become  nought;  and  hence,  when  this  SYprMiton  has  ts 
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from  coemical  elevations,  and  also  the  general  laws  of  central 
motions,  can  be  developed  without  its  being  neediiil  to  employ 
equations  of  more  than  the  second  degree. 

Having  now  become  acquainted  with  two  species  of  forces — 
motion  and  falling-force — we  can  arrive  at  a  conception  of  "  B 
feroe"  in  general,  according  lo  the  well-known  rule,  by  col- 
lecting together  the  common  characteristics  of  tho'  two  spe- 
cies. To  this  end,  we  must  consider  the  properties  of  these 
objects  somewhat  more  cIoboIj.  Their  most  important  prop- 
erty depends  on  their  mutual  relation.  Whenever  a  given 
quantity  of  falling  force  disappears,  motion  is  produced  ;  and 
bjr  the  expenditure  of  this  latter,  the  falling-force  can  be  r^ 
produced  in  its  original  amount. 

This  constant  proportion  which  exists  between  falling- 
force  and  motion,  and  is  known  in  the  higher  mechanics  un- 
der the  name  of  "  the  principle  of  the  conservation  of  vU 
viva,"  may  be  shortly  and  fitly  denoted  by  the  term  "  trans- 
formation "  (  Umwandlung) .  For  instance,  we  may  say  that 
a  planet,  in  passing  from  its  aphelion  to  its  perihelion,  trans- 
forms a  part  of  its  falling-force  into  motion,  and,  as  it  moves 
away  from  the  sun  again,  changes  a  part  of  its  motion  into 
falling-force.  In  using  the  word  "  transform  "  in  this  sense, 
nothing  else  can  or  is  intended  to  be  expressed  but  a  constant 
numerical  ratio. 

But  it  follows  from  the  axiom  mentioned  at  page  326,  that 
the  production  of  a  definite  quantity  of  motion  ii-om  a.  given 
quantity  of  falling-force,  and  vice  vend,  imphes  that  neither 
falling-force  nor  motion  can  be  annihilated  either  totally  or  in 
part.     We  thus  obtain  the  following  definition  : 

Force*  are  trani/ormabtc,  indeslruelible,  and  (in  contradis- 

be  t«ken  u  the  startiDg-poiet  [or  th«  calcutaUon  of  real  rclocllics,  mitlie- 
iDBlii»l  arUficea  become  necatarj  wbiob  dro  Innlmiimibto  in  the  d 
llbnuchra  of  tctence. 


[ 


^Hndli  one  aad  the 
At  ibi  auM  tioMl 
mtJdng  tbs  cotainlf 
as  k  tccmi  to  me,  haaidous  d»- 
aretobe  regarded  as  mere^ 
pbnBcaKSft  cc  sKiCNii.    XVe  Mbwing  is  wliat  I  said  iqioii 

--  Rtt  jiBsc  as  Istdfr  w  ^  cooneccioii  bekween  fidling-foroe 

ihattlie  essenoe  of  fiJl* 
a^c^Ycv  »  3K«».ia«  eaa  mA  a  onnriiwinn  be  adopted  in  Hib 
cc  bns.  W<  are.  oq  ^  contrair,  ratlier  w*^n*^  to 
:iaB  beiacv  ic  caa  btcoiDe  beat,  modon— wbecber  sinqileY 
«r  Ti^T^ir.*c7  »  ia  t^  eaae  of  H^t  and  radiant  heat,  Jbc — 
vMse^  to>  exBC  as  molioa.* 
X^  x«ban  vbkk.  as  ve  haTo  seen,  sobsists  between 

TCfard  to  ipantitjr,  not  to  qoali^ ;  far 
{¥>  KcT«»v  lb*  votds  of  Eadid)  dkings  wbidi  are  eqoal  to 
v>oie  aaocber  are  not  ibcrefore  similar.  Lei  ns  beware  of  leav* 
ia^ib*  sotid^reandof  liie  objeciiye,  if  we  would  not  entan- 
gle oorKhi»  in  di&nkies  of  oor  own  making. 

In  lb*  mean  time  it  at  least  resoHs  fiom  the  foregoing 
conmkrasions  tbat  the  phenomena  of  heat,  electricitjr,  and 
magnetiam  do  not  owe  their  existence  to  anj  particobtf  fluids ; 
and  the  immateriality  of  heat,  asserted  half  a  centoiy  ago  by 


uford,  becomes,  throngh  the  diacoveiy  of  its  mecbanical 
equivalent,  a  certainty. 

The  form  of  force  denoted  by  the  name  "heat"  is  plainly 
not  single,  but  includes  several  dislioct,  thongh  mutually 
equivalent,  objects,  three  principal  forms  of  which  are  distia- 
gnished  in  commaa  language  :  namely,  I.  Radiant  Ueat ;  II. 
Free  (sensible)  Heal,  Specific  Heat ;  and  III.  Latent  Heat. 

There  can.  be  no  doubt  that  radiant  heat  must  be  regarded 
as  a  phenomenon  of  motion,  especially  since  the  recent  detec- 
tion of  phenomena  of  interference  in  the  radiation  of  heat. 
But  whether  tliere  really  exists,  as  la  commonly  assuned,  a 
peculiar  tetlier,  of  which  tlie  vibratory  motion  is  perceived  by 
us  as  radiant  beat,  or  whether  the  seat  of  tliis  motion  is  the 
particles  of  material  bodies,  is  a  question  that  is  not  yet  made 
out. 

Stitl  greater  obscurity  hangs  about  the  essential  nature  of 
specific  heat,  or  what  goes  oa  in  the  interior  of  a  heated  body. 
Not  only  does  the  unanswered  question  of  the  tether  enter 
again  here,  but,  before  wo  can  be  in  a  position  to  form  any 
clear  ideas  on  this  subject,  we  require  to  have  an  exact  knowl- 
edge of  the  internal  constitution  of  matter.  We  are,  how- 
ever, still  far  from  having  reached  this  point ;  for,  in  particu- 
lar, we  do  not  know  whether  each  things  us  atoms  exist — thiit 
is,  whether  matter  consists  of  anch  constituents  as  undergo  no 
further  change  of  form  in  chemical  processes. 

But  a  span  of  that  time  which  stretches  both  backwards 
and  forwards  into  eternity  ia  meted  out  to  man  here  on  earth, 
and  the  space  which  his  foot  can  tread  is  uorrowly  bounded 
above  and  below :  eo  also  his  scientific  knowledge  finds  nat- 
ural limits  in  the  direction  of  the  iafiniiely  small  as  well  as  of 
the  infinitely  great.  The  question  of  atoms  seems  to  me  to 
lead  beyond  these  limits,  and  hence  I  consider  it  unpractical. 
An  atom  in  itself  can  no  more  become  an  object  of  our  inves- 
tigation than  a  differential,  notwithstanding  that  the  ratio 
which  such  immensely  snmll  au2iliai7  magnitudes  bear  to 
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bo  TC|VBnntod  oy  ooncioto  siiiiib0n«    u 
IwwvTer,  llie  conception  of  an  atom  mnai  be  te- 
as merehr  rdatiTe,  and  mnst  be  eonaidered  In  eonneo- 
deinite  process ;  lor,  as  is  well  known,  the 
of  an  acid  and  base  ma j  pla j  tbe  part  of  atoms  m 
decomposition  of  a  salt,  while  in  anotber 
may  tbemaelTes  nnder^go  finliier  dirision* 
Iftai  aswrniing  Aaft,  in  a  diemical  sense,  atoms  have  a  real 

■pdon  wbich,  among  oUwr  things,  the 
of  iMsnorpbism  certainfy  render  probable— the  fbrtiisr 
whether,  by  the  conlinped  diTision  of  matter, 
wt  can  at  last  anire  at  molecnies  whidi  are  atoms  in  relation 
t»  the  jiJbffioweaa  cf  AeaC  sndi  that  heat  cannot  penetrate  to 
their  inieTior,  and  soch  that,  when  the  whole  mass  is  healed, 
thej  for  their  parts  undergo  no  increase  of  bulk.  But  since 
wv  arv  unable  to  grapple  with  soch  prdiminaiy  questions  as 
hew«  wt^  an^  forced  to  confess  that,  whetho*  the  existence  of 
en  »cher  and  of  atoms  be  admitted  or  not,  we  are,  so  Ua  as 
Ygard»  the  nature  of  specific  heat,  in  a  stete  of  ignorance. 

TV  expression  ^latent  heat**  has  reference  to  its  correctly 
"^cognized  property  of  indestructibility.  In  all  cases  in  idiich 
neimometrically  sensible  specific  heat  disappears,  it  mnst  be 
assumed  that  it  eludes  our  perception  only  by  taking  on  some 
other  state  of  existence^  and  that  by  an  appropriate  process 
of  iQTerse  transformation  the  free  heat  can  be  reproduced  in  its 
original  amount.  These  are  the  facts  on  which  the  doctrine 
of  latent  heat  rests ;  and  hence,  if  we  have  regard  to  them 
onlT«  all  the  connected  phenomena  may  be  claimed  as  so  many 
confirmations  of  the  principle  of  the  transformation  and  con- 
serration  of  force. 

The  conception  of  latent  heat  is  accordin^y  nothing  else 
than  the  conception  of  something  equivalent  to  free  heat,  and 
thus  the  doctrine  of  free  and  specific  heat  embraces  pret^ 
nearly  the  whole  domain  of  physics.  A  few  examples,  dio- 
sen  from  among  the  abundance  of  fiMis,  may  serra  to  show 
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1k>w,  according  to  107  view,  the  phenometia  wherein  heat  be* 
oomes  latent  are  to  be  regarded. 

If  heat  is  commuoicaled  to  a  gas  retained  ander  constASt 
pressure,  the  tree  heat  of  the  gas  is  increased,  and  at  the 
Bsme  time  a  calculable  quanlily  of  heat  becomes  latent;  the 
gsa  is  thereby  caused  to  expand,  and  ther"  is  conscquejlly 
produced  an  amount  of  vis  viva  proportional  lo  the  preranre 
and  to  the  space  through  which  expansion  takes  place.  Tbere- 
ibre  as  soon  aa  we  know  how  much  of  the  licat  that  haa  be- 
come latent  is  to  be  attributed  lo  llie  expansion  of  the  gas,  we 
know  also  the  amount  of  the  remainder  of  the  latent  heat 
corresponding  to  the  via  viva  produced.  Now  Gay-Lnssac 
IiAS  proved  by  experiment  that  the  specific  heat  of  a  gaa  un- 

»dergoes  no  seoaible  alteration  in  flowing  from  a  containing  res- 
ad  into  a  vacuum.  Hence  it  follows  that  a  gaseous  body  op- 
fp>Bes  no  perceptible  resistance  to  the  separation  of  its  parti- 
dcs,  and  that  the  rarefaction  of  a  gas  does  not  of  itself  (that 
IB,  when  it  occurs  without  any  evolution  of  force)  canse  any 
heat  to  become  latent.  The  total  quantity  of  beat  which  be- 
*  oomes  latent  by  the  expaosion  of  a  gas  is  therefore  to  be  taken 
as  the  equivalent  of  the  vi$  viva  produced. 

It  results  from  the  principle  of  the  indestructibility  of 
lieat-'-a  principle  which  no  one  calls  in  question — that  the 
quantity  of  heat  which  has  thus  become  latent  must  again 
become  free  when  heat  is  in  any  way  produced  at  the  expeoae 
of  the  acquired  vu  viva  of  moiion.     Motion  is  latent  beat, 

tand  heat  is  latent  motion. 
The  celebrated  law  of  Dulong,  that  the  amowit  of  heat 
•  produced  by  the  compression  of  a  gas  is  dependent  on  the 
amount  of  force  expended,  and  not  opon  the  chemical  nature, 
!  tension,  or  temperature  of  the  gaa,  is  a  special  application  of 
'the  above  general  principle.  But  in  the  communication  so 
often  mentioned  I  have  shown  that  this  law  of  nature  ia  capa- 
ble of  a  very  much  wider  application,  and  that  the  heat  which 
becomes  latent  in  the  expansion  of  a  gas  reappears  again  in 
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vnrj  case,  if  the  vm  viva  thereby  produced  is  emplojed  to 
mncTftte  heal,  whether  bj  the  compression  of  air,  by  friction, 
or  by  the  impact  of  nonelastic  bodies ;  .and  I  have  there 
Mlnilaled  the  mechonicBl  cquivaleot  of  heat  npon  principles 
of  which  the  &ccurHi-y  cannot  b«  disputed,  I  also  measured 
Kt  tliot  tine,  by  vny  of  control,  Ihe  heat  produced  in  the 
manufacture  of  paper  in  Holland,  and  compared  it  with  the 
irorking  foroa  axpended,  and  so  found  a  BufGcient  degree  of 
OOBOOidaooe  between  the  two  qnantities.  I  have  recently, 
mtmonr,  soeoveded  in  constructing,  for  the  purpose  of  the 
direct  delenntiution  of  the  mechanical  cquiTolcnt  of  heat,  a 
very  simple  thermal  dynamometer  on  a  small  ecnle,  with 
which  the  truth  of  the  principle  in  question  can  be  dcmon- 
■trat«d  ad  ocutot;  and  I  have  reason  to  believe  that  the  efS' 
miaey  oi' watai^whcels  and  eieam-engines  might  be  easily  and 
■dvanlagmxialy  measured  by  meatis  of  a  simUar  calorimoto- 
nal  i4»paratus.  It  must,  however,  be  Icfl  lo  the  fature  judg- 
awnt  of  practical  men  lo  decide  whether,  and  to  what  extent, 
this  method  deserves  to  be  preferred  to  Prouy's. 

Heat  further  becomes  latent  in  certain  changes  of  the  state 
of  aggregation  of  bodies.  Since  it  is  a  settled  fact  that  both 
solid  and  liqnid  bodies  oppose  a  certain  resistance  to  the  sep- 
aration of  their  parts,  and  since  in  general  an  expenditure  of 
vu  vica  is  required  for  iho  overcoming  of  mechanical  resist- 
ances,  we  arc  led  to  conclude  d  priori  that  whenever  the  cohe- 
sion of  a  body  is  diminished  or  done  away  wilh,  force  or  heat 
must  become  latent;  and  this,  as  is  well  known,  perfectly 
accords  with  experience. 

Starting  from  this  point  of  view,  the  French  physicist 
Person  has  attempted  lo  detect  a  direct  quantitative  relation 
between  the  latent  heat  of  metals,  on  which  he  has  made  a 
great  number  of  observations,  and  their  cohesion ;  but  at  pres- 
ent determinations  of  this  kind  are  beset  with  almost  insur- 
mountable difli  cullies. 

The  heat  which  becomes  latent  in  the  evaporatioii  of  water 


BXiLT  Aim  OBAVOI8  <»  BTATB. 


8S1 


» 


conBidered  from  quite  a  similar  point  of  view  bjr 
hia  importoDt  memoir  "  On  the  Heat  and  Ela^ 
ity  of  Gases  ai^  Vapours."  Startiag  from  the  principle 
elevation  of  temperatare  is  equivalent  to  the  raising  of  ft 
;ht,  this  pkiloBopher  baa  likewise  calculated  Uio  mechaol- 
equivolent  of  heat  from  the  quantity  of  heat  whicb  b». 
les  latent  by  the  expansion  of  a  gas ;  aail  he  very  rightly 
the  latent  beat  of  steam  ns  made  up  of  two 
parts,  whereof  one,  the  smaller,  is  expended  in  OTercoming 
flbie  opposing  pressure  of  tbe  atmospbere,  and  can  hence  be 
fluQy  calculated  by  means  of  the  mechanical  equivalent  of 
beat,  while  the  remaining  part,  the  amount  of  which  cnn  also 
be  calculated,  ia  what  Uoltzmann  calls  tbe  heat  required  to 
destroy  the  cohesion  of  iha  waler.  In  all  steam-engines  this 
iMter  portion  is  wasted,  and  Uoltzmann  calculates  from  thosa 
the  superior  efficiency  of  higb-pressure  compared  with 
low-pressure  engines.* 

If  tbe  view  here  taken  of  the  Ul«ot  beat  of  fusion  nd 
evaporation  is  correct,  heat  must  also  bccoms  latent  wbM 
hard  bodies  are  reduced  to  powder ;  and  when  snch  subslaaoM 
pass  into  the  liquid  condition  from  a  slate  of  fine  divi«ioa, 
they  most  absorb  a  smatler  quantity  of  heat  than  when  they 
ore  liquefied  withont  previous  comminution.  A  few  experi- 
ments that  I  have  instituted  in  this  direction  have  not  hitherto 
given  any  decisive  result. 

It  is  also  worthy  of  notice  that  certain  solid  b»dies  which 

mn  iMpahlo  of  assuming  allotropic  stoles,  as,  for  instance,  tba 

oj^gen-componnda  of  iron,  evolve  a  considerable  quantity  of 

heat  on  passing  from  a  less  to  a  more  hard  condition.     Socb 

frets,  tbe  number  of  which  will  doubtless  continually  increase 

I  with  time,  agree  perfectly  with  the  above  principle,  tliat  dinH 

untion  of  cohesion  involves  an  u^endtture  of  beat,  and,  on 

''  flie  other  hand,  increase  of  cohesion  a  production  of  beat. 

*  The  eagines  vliich  give  the  greatest  OBcful  dbct  miut  be  tbote  ia 
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Ciatanarj  bmgnage,  acMrding  to  whidi  grayitj  u  called 
K  moring  force  and  heat  a  snbat&nce,  occasions,  on  the  OQO 
kand,  the  iignificance  of  an  important  natval  object,  falling- 
Space,  or  the  space  through  which  a  body  lalls,  to  be  kept  aa 
mncb  M  possible  ont  of  sight,  and,  on  the  other  hand,  heat  to 
be  remoTed  to  the  greatest  possible  diaiADCe  &om  the  vit  viva 
of  motion.  The  sciences  arc  thus  reduced  to  an  artificial  sjs- 
tem,  over  whose  fissured  surface  we  can  advance  in  safe^ 
only  by  the  powerful  aid  of  the  higher  analysis. 

Without  doubt  the  fact  that  so  simple  and  obvions  a  mat- 
ter as  the  connection  between  heat  and  motion  could  remain 
tmperceired  up  to  the  most  recent  times  most  also  be  altrib- 
nted  to  the  same  defect.  Nevertheless,  as  has  been  already 
pointed  ont,  the  quantitatire  determination  of  chemical  heat- 
ing-eSects  and  of  galvanic  actions,  as  well  as  researches  into 
vital  phenomena,  instituted  io  the  spirit  of  those  of  Liebjg, 
must  soon  have  led  to  the  law,  not  difficult  to  discover,  of  the 
equivalence  of  heat  and  motion. 

In  reality  this  law  and  its  numerical  expression,  the  me- 
chanical equivalent  of  heat,  were  published  almost  aimulta- 
neonsly  in  Germany  and  in  England. 

Starting  from  the  fact  that  the  amount  of  chemical  as  well 
as  of  galvanic  effect  is  dependent  only  and  solely  on  the 
amount  of  material  expenditure,  the  celebrated  English  phys- 
icist Joule  was  led  to  the  principle  that  the  phenomena  of 
motion  and  of  heat  rest  essentially  upon  one  and  the  same 
foundation,  or,  as  he  expressed  himself,  in  the  same  way  as  I 
have  done,  heat  and  motion  are  transformable  one  into  the 
other. 

Not  only  did  this  philosopher  indisputably  make  an  inde- 
pendent discovery  of  the  natural  law  in  question,  but  to  him 
belongs  the  credit  of  having  made  numerous  and  important 

k contributions  towards  its  further  establishment  and  develop- 
ment. Joule  has  shown  that  when  motion  is  produced  by 
■Baaas  of  electro-magnetism,  the  heating  effect  of  the  galvanio 
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current  is  diminished  in  &  corresponding  and  fixed  proportion. 
He  has  further  oacertainad  that  by  ravorsing  tfao  poles  of  a 
ntBgnetic  bar  a  quantity  of  heat  is  produced  proportional  to 
tbe  squara  of  tlie-  magnetic  tension — a  font  which  was  oIh 
diacoTered  by  myself,  though  at  a  latf.r  dnto.  In  particul»r, 
Joule  bos  likewise  dcmouBtratcd,  by  raounH  of  numorou*  ex- 
periments,  that  the  beat  evolved  by  friclion  undor  vurioiM  cii^ 
cumslancee  stands  in  an  unvoryiug  proportion  to  the  amount 
offeree  expended.  According  to  liis  moat  recout  cxpcrimnnlJi 
of  this  kind,  be  has  fixed  tJia  luediauical  «|uivalent  of  heat 
M  i23.» 

Joule  has  likewise  invcfltigaled  experlinoalolly,  iu  relation 
to  lliia  question,  the  ibermal  behaviour  of  elastic  fluids  when 
expanded,  and  has  thereby  confirmed  the  earlier  rcsulu  of 
■  'Ather  physicists. 

The  new  subject  soon  began  to  excite  the  attention  of 
Qcn  ;  but  inasmuch  as  botli  at  home  and  abroad  the 
ibject  has  been  exclusively  treated  as  a  foreign  diwrovory,  I 
hid  myself  compelled  to  moke  the  claims  to  which  priority  on- 
le ;  for  although  tlie  few  investigations  w}iich  I  have 
n  to  the  public,  and  which  have  almost  disappeared  iu  tJie 
d  of  communications  which  every  day  sends  forth  without 
Iftving  a  trace  behind,  prove,  by  the  very  form  of  their  pul»* 
ntioQ,  that  I  am  not  one  who  hankors  afUr  eSoct,  It  It  not 
refore  to  be  assumed  that  I  am  willing  to  be  deprived  of 
ellectual  property  which  documentary  evidcpcD  provM  to 


By  help  of  the  mechanical  equivalent  of  beat  many  proln 
s  can  be  solved  which,  without  it,  coold  not  be  attacked  at 
:  among  them,  the  calculation  of  tbe  thermal  eflect  of  the 
ing  together  of  cosmical  maases  may  be  especially  nien- 
^Dned.  It  win  not  be  out  of  place  to  indicate  here  briefly  a 
w  results  of  such  calculations. 

*  That  is,  1  iheniul  oiul^413  kilogruntoctrw. 


8M       THB  MKarMrwiTi  aqdmruair  or  hbai: 

TIm  ftOowiiig is OM pnrtteB of tidi ktel  litit 
that  ft  coamiottl  bodj  entan  the  ataiotplmB  of  Mr  Milh  irift 
a  Telocity  of  fona  geographical  milea  per  aeoondf  and  liiat,  in 
oomeqiieiioe  of  the  imdalaiiee  irhidi  it  here  enooantars,  It 
loeee  so  mndi  of  its  vu  vioa  of  molioii  that  ita^remaliuiig  ^9- 
lodty  when  it  again  quits  the  atmosphere  amomite  to  three 
miles :  the  qoestioo  now  arises,  How  great  is  the  Hiennal 
eflbot  which  accompanies  this  proioess? 

A  simple  cakolation,  based  iqpoo  the  medianieal  equfa- 
lentofheat,  shows  that  llie  qoantikjr  of  lieat  required  is  aboat 
eight  times  as  great  as  the  heat  of  bombnstion  of  a  mass  of 
coal  of  equal  weight  with  the  bodj  in  question,  one  Vkh 
gramme  of  coal  being  taken  as  yielding  6,000  thennal  nnilB. 
Hence  it  follows  that  the  veloci^  of  the  motion  of  shootingw 
stars  and  fire-balls,  which,  as  is  well-known,  attains,  accord- 
ing to  astronomical  observations,  to  firom  four  to  eight  miles, 
is  a  cause  follj  sufficient  to  produce  the  most  yiolent  evolution 
of  heat,  and  an  insight  into  the  nature  of  these  remarkable 
phenomena  is  thereby  afforded  to  us.* 

The  following  is  a  problem  of  a  similar  kind :  if  two  co»- 
mical  masses,  moving  in  space  about  their  common  centre  of 
gravity,  were  by  any  cause  whatever,  for  example  by  ihe  re- 
sistance of  the  surrounding  medium,  caused  to  fall  together, 
the  question  again  arises.  How  great  is  the  thermal  eflfoct  cor- 
responding to  this  process  of  mechanical  combination  ? 

Even  though  the  elements  of  the  orbits  (that  is,  their  ex* 
centricity)  may  be  unknown,  we  can  nevertheless  calculate 
from  the  given  weight  and  volume  of  the  masses  in  question 
the  n^ftTimnm  and  the  minimum  of  the  required  efiect.  Thus 
let  it  be  supposed,  for  the  sake  of  an  example,  that  our  earth 
had  been  divided  into  two  equal  globes  which  had  united  in 

*  The  idea  that  the  meteors  here  referred  to  owe  thdr  light  to  a  me- 
rfi^^ni/Hti  j^roceeo  whether  fHction,  or  the  oompreaaloii  of  the  air— is  not 
new ;  bat  withont  a  knowledge  of  the  mechanical  eqoiTaleDt  of  heat  It 
eould  hare  no  edentifio  foondation. 


1  that 
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r  deacribed  :  calcolalion  teaches  ua  that  the  nmount 
of  heat  which  would  baye  been  evolved  in  auch  a  case  would 
-  conaiderably  cscecd  that  which  an  equal  weight  of  matter 
coald  furnish  by  the  most  intense  process  of  chemical  action. 

It  is  more  than  probable  that  the  earth  has  come  into  ex- 
istence in  some  auch  way,  and  that  in  consequence  om-  sun,  ns 
seen  from  the  distance  of  the  fixed  stars,  exhibited  t 
epoch  a  transient  burst  of  light.  But  what  took  place 
solar  system  perhaps  miliiona  of  years  ago,  still  goes 
the  preseut  lime  here  and  there  among  the  fixed  stan 
the  transicDt  appearance  of  stars,  which  in  some  cas( 
the  celebrated  star  of  Tycho  Braho,  have  at  first  a 
dinary  degree  of  brilliance,  may  be  satisfactorily  explained 
by  assuming  the  falling  together  of  previously  invisible  double 
stars. 

Contrasting  with  such  explosive  bursts  of  light  is  the 
steady  radiation,  shown  continuously  through  eDOrmons  pe- 
riods, by  the  greater  number  of  fixed  alars,  and  among  lliem 
by  our  sun.  Do  these  appearances,  which  in  so  special  a 
manner  tempt  to  higher  speculations,  constitute  a  real  excep- 
tion to  the  exhaustion  of  a  cause  in  producing  its  efibct,  which, 
in  accordance  with  the  foregoing  considerations,  we  have  re- 
garded as  an  established  law  of  Nature  ?  or  does  the  small 
sum  of  human  knowledge  authorize  as  in  supposing  that  hero 
also  there  is  an  equivalence  between  performance  and  expen- 
diture, and  in  searching  for  the  conditions  of  that  equivalent? 

To  enter  further  upon  this  subject  would  lead  ns  beyond 
(he  intended  scope  of  this  publication  ;  and  I  therefore  close 
in  the  hope  that  the  reader  will  please  to  supplement  by  liie 
own  reflection  much  that  in  this  tract  has  been  left  unsaid. 
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MioHAZL  FiBADAT,  flon  of  ft  ftmitli,  wfts  bom  in  LondoQ  in  1791.  *  H« 
wfts  tfto^t  reftding,  writing^  ftnd  ftiiUimetio  at  ft  da j-«chool,  and  in  ftU  other 
things  ednoftted  himaelC  At  tiiirteen  he  was  appnnt&eed  to  a  bookbinder, 
eiioosing  this  Yocation  in  order  to  be  among  books.  He  was  eailj  fond  of  ex- 
periment, and  ftTene  to  trade ;  and  being  taken  to  hear  some  lectures  of  8r 
Homphrej  Davy  at  the  Royal  Institatlon,  he  resolred  to  pmsoe  sdenoe^  and 
wrote  to  Davy  aiddng  his  assistance  in  dbtaimng  a  plaoe.  Davy  ikfoved  liis 
application,  and  in  1818,  at  the  age  of  twenty,  he  was  appointed  assistant  in 
the  Uboratory  of  the  Royal  Institatlon.  Li  1820  he  disoofered  tt»  cfahnlde 
of  carbon,  and  in  1828  eflteted  the  oondfnsatlfln  of  dJoiine  and  other  gsses 
On  this  acooimt  Davy  became  Jealoos  of  him,  and  discouraged  tiie  idea  of 
recommending  Iiim  for  dection  to  the  Royal  Society,  whidi,  howerer,  took 
place  in  1824.  In  1820,  Oersted  announced  his  cdebrated  disooveiy  of 
eiectKHnagnetism,  and  Faraday  at  once  entered  upon  an  infissttgatian  of  the 
fdatioDs  of  magnetism  and  electricity.  In  1881  he  commenced  his  cde- 
brated series  of  Experimental  Resesrdies  in  ELectridty,  winch  extended  to 
three  Tolumes,  publiBhed  in  1889,  1844,  and  1855.  In  1827  he  pobliahed 
his  admirable  work  on  ^  Chemical  Manipulations,**  and,  in  1880,  a  Tahahle 
paper  on  '*  The  Manufacture  of  Glass  for  Optical  Purposes.'*  In  18S8  he 
became  Professor  of  Chemistry  in  the  Royal  Institution,  and  he  has  recMTed 
numerous  honors  from  the  learned  sodeties  of  Europe.  In.  1885  he  recdred 
a  pension  of  £800  a  year,  and  in  1858  the  Queen  allotted  him  a  resldenee  in 
Hampton  Court  Dr.  Faraday  has  talents  of  a  hi^  order,  both  aa  an  offg- 
inal  investigator  and  as  a  lecturer.  Advanced  in  years,  he  has  now  relivad  to 
a  conddei^ble  extent  firom  active  duty,  but  is  still  in  the  vigor  of  his  powws, 
aa  is  shown  by  his  recent  lectures  to  Juvenile  andienoes  in  the  Royal  Ihsti- 
tntion. 


7~AIU01JS  circiunstances  induce  me  At  tke  present  mo- 
ment to  put  forth  a  consideratioQ  regarding  the  con- 
BervatioQ  of  fori;c.  I  do  not  suppose  that  I  can  utter  aoj 
tmlh  respecting  it  timt  has  not  already  presented  itself  to  the 
high  and  piercing  intellects  which  move  within  the  exalted 
reponB  of  science  ;  but  the  course  of  my  own  investigations 
and  views  makes  me  think  that  the  consideration  may  be  of 
service  to  those  perseTering  labourers  (amongst  whom  I  en- 
deavonr  to  class  myself)  who,  occupied  in  the  comparison  of 
physical  ideas  with  fundamental  principles,  and  continually 
gnstalniDg  and  aiding  themselves  by  experiment  and  observ»> 
tion,  delight  lo  labour  for  the  advonce  of  natural  knowledge, 
and  strive  to  follow  it  into  undiscovered  regions. 

There  is  no  question  which  lies  closer  to  tJie  root  of  ojl 
physical  knowledge  than  that  which  inquires  whether  force 
can  be  destroyed  or  not.  The  progress  of  the  strict  science 
of  modem  times  has  tended  more  and  more  to  produce  the 
conviction  that  "force  can  neither  be  created  nor  destroyed;" 
and  to  render  daily  more  manifest  the  value  of  the  knowledge 
of  that  truth  in  eiperimeatol  research.  To  admit,  indeed, 
that  force  may  be  destructible  or  can  altogether  disappear, 
would  be  to  admit  that  matter  could  be  uncreated ;  for  we 
know  matter  only  by  ita  forces ;  and  though  one  of  these  is 
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pBfkmiist  act  by  physical  lines  of  force ;  and  our  view  of  tliB 
nature  of  the  force  may  be  affucfed  to  the  exlremest  degree 
by  the  conclusions  nhich  experiment  sod  observation  on  time 
may  supply ;  heing,  perhaps,  finally  determinable  only  by 
them.  To  inquire  after  the  possible  lime  in  which  gravita- 
ting, maguetic,  or  electric  force  is  exerted,  is  no  more  mela- 
physicol  than  to  mark  the  times  of  the  Lands  of  a  clock  in 
their  progress  ;  or  that  of  the  temple  of  Serapia  and  its  ascents 
and  descents ;  or  the  periods  of  the  occuliaiiotjs  of  Jupiter's 
satellites  ;  or  that  in  which  the  light  irom  them  comes  to  the 
earth.  Again,  in  aome  of  the  known  coses  of  action  in  time, 
something  happens  whilst  the  time  is  passing  which  did  not 
happen  before,  and  does  not  continue  after  ;  it  is,  therefore, 
QOt  metaphysical  to  espect  an  efiect  in  every  cose,  or  to  en- 
deavour to  discover  its  existence  and  determine  ila  natore. 
So  in  regard  to  the  principle  of  the  conservation  of  force  j  I 
do  not  think  that  to  admit  it,  and  its  consequences,  whatever 
they  may  be,  is  to  be  metaphysical ;  on  the  contrary,  if  that 
word  have  any  application  to  physics,  then  I  think  that  aoy 
hypothesis,  whether  of  heat,  or  electricity,  or  gravitation,  or 
any  other  form  of  force,  which  either  willingly  or  UDwilUugly 
dispenses  with  the  principle  of  conservation,  is  more  liable  to 
the  charge  than  those  which,  by  including  it,  become  so  far 
^^M|ore  strict  and  precise. 

^■^  Supposing  that  the  truth  of  the  principle  of  the  conserva- 
^^Bni  of  force  is  assented  to,  I  come  to  its  uses.  No  hypothesis 
^'vionld  he  admitted,  nor  any  assertion  of  a  fact  credited,  that 
denies  the  principle.  No  view  should  be  inconsistent  or  in- 
compatihle  n'ith  it.  Many  of  our  hypotheses  in  the  present 
state  of  science  may  not  comprehend  it,  and  may  be  unable 
to  suggest  its  consequences  ;  but  none  should  oppose  or  con- 
tradict it. 

If  the  principle  be  admitted,  we  perceive  at  once  that  a 
theory  or  definition,  though  it  may  not  contradict  the  princi- 
ple, cannot  be  accepted  M  sufficient  or  complete  unless  the 
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Jbrmer  be  contained  in  it ;  that  however  well  or  perfectly  the 
^finition  may  inclnde  and  represent  the  stale  of  things  com- 
Vtonly  considered  under  it,  that  state  or  result  ifl  only  parti^ 
d  must  not  bs  accepted  as  esbansting  the  power  or  being 
;  fill]  equivalent,  and  therefore  cannot  be  considered  as 
npresenting  its  tekole  nature  ;  that,  indeed,  it  may  express  only 
'  m  yerf  small  part  of  the  whole,  only  a  residual  phenomenon, 
and  hence  give  us  but  Utile  indication  of  Iho  full  natural  tnitli. 
Allowing  the  principle  its  force,  we  ought,  in  every  hypoihe- 
I,  either  to  account  for  its  consequences  by  snriag  what  the 
dianges  ore  when  force  of  a  given  kind  apparently  disappears, 

s  when  ice  thaws,  or  else  should  leave  apoce  for  the  idea  of 

he  conversion.  If  any  bypothoeia,  more  or  less  trustworthy 
on  other  accounts,  is  inaofficiont  in  espreaBiag  it  or  incompat- 
8>le  with  it,  the  place  of  deficiency  or  opposition  shoold  be 
narked  as  the  most  important  for  examination,  for  there  liee 
the  hope  of  a  discovery  of  new  laws  or  a  new  condition  of 
Ibrce.  The  de6ciency  should  never  be  accepted  as  satia&c- 
tory,  but  bo  remembered  and  used  as  a  stimulant  to  farther 
inquiry ;  for  conversions  of  force  may  here  be  hoped  for. 
Suppositions  may  be  accepted  for  the  time,  provided  they  are 
■t  in  contradiction  with  the  principle.  Even  an  increased  or 
diminished  capacity  is  bett«r  than  nothing  at  all,  because  such 
A  Bupposition,  if  made,  must  be  consistent  with  the  nature  of 
the  original  hypothesis,  and  may,  therefore,  by  the  application 
of  eiperimftnt,  be  converted  into  a  farther  teat  of  probable 
truth.     The  case  of  a  force  simply  removed  qr  suspended, 

vithout  a  transferred  exertion  in  some  other  -direction,  appears 

o  me  to  be  absolutely  impossible. 

If  the  principle  be  accepted  as  true,  we  have  a  right  to 
pursue  it  to  its  couBcqucnocs,  no  matter  what  they  may  be. 
It  is,  indeed,  a  duty  to  do  so.     A  theory  may  be  perfection, 

a  for  as  it  goes,  but  a  consideration  going  beyond  it,  is  not 
for  that  reason  to  be  shut  out.  We  might  as  well  accept  our 
&nited  horizon  as  the  limilfl  of  the  world.     No  magnitude, 
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either  of  tfae  phenomena  or  of  the  reenltfl  (o  be  dealt  irilh, 
should  stop  our  exertions  U>  ascertain,  by  the  use  of  the  prin- 
ciple, that  something  remains  to  be  discovered,  and  to  tmee 
in  what  direction  that  discover;  may  lie. 

I  will  endeavour  to  illnstraCe  some  of  the  points  which 
have  been  urged,  by  reference,  in  the  first  instance,  to  a  case 
of  power,  which  has  long  had  great  attractions  for  iiie,-be- 
cause  of  its  extreme  simplicity,  ita  promising  nature,  ila  ooi- 
Ycrsal  presence,  and  in  ila  invariability  under  like  circum- 
stances ;  on  which.  Chough  I  have  experimented*  and  aa  yet 
failed,  I  think  experiment  woold  be  well  bestowed,  I  meiin  the 
force  of  gravitation.  I  believe  I  represent  the  received  idea 
of  the  gravitating  force  aright  in  saying  that  it  is  a  timple  at- 
tractive  force  exerted  between  any  two  or  all  the  partvda  or 
raatsea  of  matter,  at  every  sennble  dutanee,  but  with  a  itrenglh 
varying  inversely  a*  the  square  of  the  dttlanee.  The  usual 
idea  of  the  force  implies  direct  action  at  a  distance  ;  and  such 
a  view  appears  to  present  Utile  difficulty  except  to  Xewton, 
and  a  few,  including  myself,  who  in  that  respect  may  be  of 
like  mind  with  him. 

This  idea  of  gravity  appears  to  me  to  ignore  entirely  the 
priodple  of  the  conservation  of  force  ;  and  by  the  terms  of 
its  definition,  if  taken  in  an  absolute  sense,  "  varying  inversely 
as  the  square  of  the  distance,"  to  be  in  direct  opposition  to  it, 
and  it  becomes  my  duly  now  to  point  out  where  this  oonirft- 
diction  occurs,  and  to  use  it  in  illustration  of  the  princ^>le  of 
conservation.  Assume  two  particles  of  matter,  A  and  B,  in 
tree  space,  and  a  force  in  each  or  in  both  by  which  they  gravi- 
tate towards  each  other,  the  force  being  nnalterabk  for  m 
unchanging  distance,  but  varying  inversely  aa  the  square  ot 
the  distance  when  the  latter  varies.  Then,  at  the  distance  of 
ten,  the  force  may  be  estimated  as  one ;  whilst  at  the  distance 
C  ooe,  that  is,  one-tenth  of  the  former,  the  ibroe  will  ba  one 

■  Philuiophlcil  TruisBCtioia,  16G1,  p.  I.  i 
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iuQur^ :  Aad  it  we  suppose  an  elastic  spring  to  be  intro- 

ijvLxi    x;>*\r<a  uio  two  as  a  measure  of  the  attractive  force, 

:xv    •v''%  .*r  .viurrvs^^i".'.^  it  will  bo  i\  hundred  times  as  much  in 

:^«     ^.: . '     u?^'  .!>  -.'J.  iho  tbrmor.     But  from  whence  can  this 

.isv  .•!?.  jj'    uv"rvA?<*  ck"  p*.»wer  oome  ?     If  we  say  that  it  is  the 

•  ;a»'^'«.  *  *.    :ii2>  A*rw.  and  coutout  ourselves  with  that  ass 

>;^4'.  . .:.    w*.>nvr.  '.ilea  it  appears  to  me  we  admit  a  creation 

\    v  «       »^a  ^1^.  '.v.*  au  enormous  amount ;  vet  by  a  change 

•.   •  .'• .   . .  ^ .  ^*  <<ii:ilL  Aod  5implc  as  to  fail  in  leading  the  least 

.-rs^r-v.  .«.    ^l..^a  v  .aiuik.  ihai  it  oou  be  a  sufficient  cause,  we 

^•, »^.-.-,..  »  *:>y-i  ■%'iicfl  would  equal  the  highest  act  onr 

-.-..  -  ^    >-:   »»',*.*vA%v    .-i  'lie  working:  of  infinite  power  upon 

•3.>*.-.        ^-.    %.>..«%:    c.  Ivvsc  ihe  highest  law  in  ph}'sical  sci- 

•-.-,-^   ■•     .-.     ^.-  -ifc^'i-^.o  v>frui.:t  us  to  perceive,  namely,  the 

.^  -  >.:-*ivse  ;he  two  particles,  A  and  B, 

-,x    .     .  .    .•^.  .i.v*  L>:a;v.*e  01  ton,  then  the  force  of 

.    -.    .       '    -,      ..      .1    I -Livlrvihii  part  of  that  they  pre- 

.^      -.  >*^>*^  .        .^    i,v.  :*•  .1^  :o  iho  statement  that  the 

^       ij»     *.'   -i.:  lArv   oi  the  \Usianoe.  would 
,     .      .    *^  >   ^-  •^^-    -       .    i.v--:  rv^uli:?:  it  would  be  an 

. —  ^K.:      '.♦.'.    >;-^.r.  iu   115  iafiuitv  and  its 
-   .  .    .  A.* :  '::'.■  w::aji  tiio  rower  of  Him 


-  ^  %  ■ 


,  ^  •  .         ■,  1  ^-^  -ta.iou  ui:-:er  even*  form  that 

..^    .     >  .  ftv-i^   ri.:   *uc;v;s:  :o  the  mind:  it 

t    .    .-.   ^    »■..:   .    .-.-^   ATX*  in  ua:*»ire ;  and  it  is 

.. ..     ....   «     :jk  .  ^iw^veiicd,  ".o  ^  !.in:e  eiteni,  in 

<^"  ..>     .^  >  . .    x  *  .  -.  -^'  iif  :o  derive  one  from 

-  •    .      .-.li. :    .-. .:  !.-::a;..Ty  evivleaoe  of    the 

•,     -.  .-x  .-*•»..:•*.!     •/  .;r'.v.     Then  let  us 

•-.V.  .>^    <  »>M  'J^-  Jk»  A:crav.'::7. r  eaeh  orher 

,-»    .;>.  V .:.   .-v.t.-  .i-;cL-:cr  •■:*?•.%-.     A-.vording 

.J..   ^\    ■  .'.1    .xoi.:u>  i-.-ca  -vL:  parucles,  and  if 

.    -  *     -    •      .>*..:.•*  .vJL«i  -vt  rriiv::a:e.  that 

.•v"  Ai-.raic\ii*a«  lo    "vr«  iTC  iTavirB*.      Suppos- 
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&.  to  exist  in  that  isolated  Btato  and  without  graTilating 
1,  and  then  B  placed  in  relation  lo  it,  gravitation  comes 
on,  as  ia  eupposed,  on  the  part  of  both.  Now,  withoat  try- 
ing to  imagine  how  B,  which  had  no  graviteting  force,  can 
raise  up  gravitating  force  in  A  ;  and  how  A,  equally  without 
force  beforehand,  can  raise  np  force  in  6,  still,  to  imagine  H 
as  a  fact  done,  ia  to  admit  a  crealion  of  force  in  both  porti- 
des ;  and  so  to  bring  ourselves  within  the  impossible  conse- 
qnences  which  have  been  already  referred  lo. 

It  may  be  said  we  cannot  have  an  idea  of  one  particle  by 
itself  and  so  the  reasoning  fails.  For  my  pari  I  can  compre- 
hend a  particle  by  itself  just  as  easily  as  many  particles ;  and 
though  I  cannot  conceive  the  relation  of  a  lone  particle  to 
gravitation,  according  to  the  limited  view  which  is  at  present 
taken  of  that  force,  1  can  conceive  its  relation  to  something 
which  causes  gravitation,  and  with  which,  whether  the  parti- 
cle ia  alone,  or  one  of  a  universe  of  other  particles,  it  is  al- 
ways related.  But  the  reasoning  upon  a  lone  particle  does 
not  fail ;  for  as  the  particles  can  be  separated,  we  can  easily 
conceive  of  the  particle  B  being  removed  lo  an  infinite  dis- 
tance firom  A,  and  then  the  power  in  A  will  be  infinitely  di- 
minished. Snch  removal  of  B  will  be  as  if  it  were  annihi- 
lated in  regard  to  A,  and  the  force  in  A  will  be  annihilated 
■t  the  same  time  ;  so  that  the  case  of  a  lone  particle  and  that 
where  different  instances  outy  are  considered  become  one,  be- 
ing identical  with  each  other  in  their  consequences.  And  as 
removal  of  B  to  an  infinite  distance  ia  as  regards  A  annihila- 
tion of  B,  so  removal  lo  Ihc  smallest  degree  ia,  in  principle, 
the  same  thing  with  displacement  through  infinite  space  ;  the 
smaUeet  increase  in  distance  involves  annihilation  of  power ; 
the  annihilation  of  the  second  particle,  so  as  to  have  A  alone, 
involves  no  other  consequence  in  relation  to  gravity  ;  there  ia 
difference  in  degree,  but  no  difference  in  the  character  of  the 
■Ult. 

It  seems  hardly  necessary  to  observe,  that  the  Kime  lino 
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of  Ihooght  gram  op  in  the  mind,  iT  we 
gnritAting  action  of  one  particle  and  many.  The  particle  A 
will  attract  the  particle  B  at  the  distance  of  a  mile  wHh  a 
eettain  degree  of  force ;  it  will  attract  a  particle  C  at  the 
e  of  a  mile  with  a  power  eqoal  to  that  by  which 
m^riadd  of  like  particles  be  placed  at  the 
giren  distance  of  a  mile,  A  will  attract  each  with  equal  force ; 
and  if  other  particles  be  Acctunnlatcd  round  it,  wtthiD  and 
withont  the  sphere  of  two  miles  diameter,  it  will  attract  them 
aU  with  a  force  Tarying  inversely  with  the  square  of  the  dis- 
tance. How  are  we  to  conceiTe  of  this  force  growing  vp  in 
A  to  a  million-fold  or  more,  and  if  the  enrroonding  particles 
be  then  removed,  of  its  diminution  in  an  equal  degree  ?  Or, 
how  are  we  to  look  npon  the  power  raised  np  in  all  these 
ontcr  particles  by  the  action  of  A  on  them,  or  by  their  action 
one  on  another,  without  admitting,  according  lo  the  limited 
definition  of  gravitation,  the  facile  generation  and  annihilation 
of  force? 

The  assumption  which  we  moke  for  the  time  with  regard 
to  the  nature  of  a  power  (as  gravity,  heat,  etc.),  and  the 
form  of  words  in  which  we  express  it,  that  ie,  its  definition, 
ehotdd  be  consistent  with  the  fundamental  principles  of  force 
generally.  The  conservation  of  force  ia  a  fundamental  prin- 
ciple ;  hence  the  assumption  with  regard  to  a  particolar  form 
of  force  ought  lo  imply  what-becomes  of  the  force  when  its 
action  is  increased  or  diminished,  or  its  direction  ehanged;  or 
else  the  assumption  should  admit  that  it  is  deficient  on  that 
point,  being  only  half  competent  to  represent  the  force  ;  and, 
in  any  case,  should  not  be  opposed  to  the  principle  of  conser- 
The  nsual  dednition  of  gravi^  as  an  attractive  force 
between  lltt  partidea  of  matter  tabtino  inversely  as  (Ae  square 
of  (he  distance,  whilst  it  stands  as  a  full  definition  of  the 
power,  is  incoDsistent  with  the  principle  of  the  conservatioo 
of  force.  If  we  accept  the  principle,  such  a  definition  muM 
be  nt  in^MrCect  occoont  of  the  whole  of  the  force<,  and  is 
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prsbablj  only  a  description  of  one  exerdse  of  thai  power, 
wbotever  tbe  nature  of  the  force  iieeli  maj  be.  If  the  defi- 
nition bo  accepted  aa  tacitly  indndlng  the  conservation  of 
force,  tlicQ  it  ought  to  admit  that  conHeqncaces  must  occnr 
daring  the  suspended  or  diminiehed  degree  in  ila  power  as 
gravitation,  eqmd  in  importance  to  the  power  suspended  or 
hidden  ;  being  in  fact  equivalent  to  thut  dimiantion.  It  ought 
also  to  admit,  that  it  b  iocompelent  to  surest  or  deal  with 
any  of  the  cooseqnonces  of  that  changed  part  or  condition  of 
the  force,  and  cannot  tell  whether  they  depend  on,  or  are  re- 
lated to,  conditions  external  or  internal  to  the  gravitating  par- 
ticle ;  and,  as  it  appears  to  me,  can  say  neither  yos  nor  no  to 
any  of  the  arguments  or  probabilities  belonging  to  the  subject. 

If  the  definition  denies  the  occurrence  of  snch  contingent 
resolts,  it  secuia  to  me  to  be  nnphilosophical ;  if  it  simply  i^ 
noret  them,  I  think  it  is  imperfect  and  insnfiicicnt ;  if  it  ad- 
mits these  things,  or  any  part  of  them,  then  it  prepares  the 
natural  philosopher  to  look  for  effects  and  conditions  as  yet 
nnlcnowD,  and  is  open  to  any  degree  of  development  of  the 
consequences  and  relations  of  power ;  by  denying,  it  apposes 
a  dogmatic  barrier  to  improvement ;  by  ignoring,  it  becomes 
in  many  respects  an  inert  tiling,  often  much  in  the  way ;  by 
admitling,  it  rises  to  tlie  dignity  of  a  stimulas  to  investigation, 
a  pilot  to  human  science. 

The  principle  of  the  conservation  of  force  would  lead  us 
to  assiune,  that  when  A  and  B  attract  each  other  less,  be- 
cause of  increasing  distance,  then  some  other  exertion  of  • 
power,  cither  within  or  without  them,  is  proportionately  grow- 
ing up  ;  and  again,  that  when  their  distance  is  diminished,  as 
from  ten  to  one,  the  power  of  attraction,  now  iaercascd  a 
hundred-fold,  has  been  produced  out  of  some  oiber  form  of 
power  which  has  been  equivalently  reduced.  This  enlarged 
assumption  of  the  nature  of  gravity  is  not  more  metaphysical 
than  the  half  assumption  ;  and  ia,  I  believe,  more  philosophi- 
cal and  more  ia  accordance  with  all  physical  consideratiooa. 


THE  ooaagKVATioar  or  warned 

Tbe  balf  marampftxm  is,  in  mr  view  of  the  matter,  more  dop 
matic  and  irrational  than  the  whole,  because  h  leaves  u  to  bt 
understood  that  power  can  be  created  and  destroyed  almost  tt 
pleasure. 

When  the  equivalents  of  the  various  forms  of  force,  as  hr 

as  thev  are  known,  are  considered,  their  difTerences  appear 

verr  grea: :  thus,  a  grain  of  water  is  Imown  to  have  electric 

r«lado:is  equivalen:  to  a  verr  powerful  flash  of  lightning.    It 

Z2AJ  tL^T^fore  be  supposed  that  a  very  large  apparent  amonnt 

•::  :JK  ::rce  causing  the  phenomena  of  gravitation,  maybe 

u»c  eri:T4l«n:  o:  a  very  small  change  in  sopie  unknown  con- 

iii:-  'X  :i.*  ^•>i;e5,  whose  actracnon  is  varvin?  bv  change  of 

£istJir«,     T'TT  zzj  own  part,  many  considerations  urge  my 

^izsi  tr'nri  li*  ika  of  a  cause  of  sraviry.  which  is  not  res- 

ai^r::  —  ii*  rortiok-*  cf  matter  merelv.  but  constantly  in 

•iZiiZi    iZfi  iZ  ?To:€.     I  have  already  pa:  forth  considerations 

r?Ci.ri_ii-:  rri"^':~  "w-li-rh  partake  of  ihi?  idea.*  and  it  ^eems 

i:  1.1 -*  >:-:-  izjif?i:au-riy  accepted  by  Xewton.T 

Z'i*'T'.  ■>  :-'.  '«":zi-:-r:ul  condition  of  matter,  perhaps  its 
.^---  -:^;.,  .iL-iln.  rji-zic'j.  I'it-rij:  but  in  relation  to  the 
:--_--jj—  i-i:__--  c:  rrsvity,  it  only  adds  to  the  difficulty. 
T  --  ^.  ■•  -^  'ir  rsT  T-iricies  of  matter  at  a  certain  dis- 
Lu:-^  t::ifcr"-  vri  •*"'"  i*:^  o:h.cr  under  the  power  of  gravity, 
j^..  ^.^  --  r—rri.:--.  —  ^" '^^  approach:  and  when  at  only 
ijLi*  -:■•■  f^jT-f-X--  :i:-i  "="111  *^'*  ^^^  stored  up  in  it,  because  of 
,^4    ,^ ,.    ^  .-irji:.  inc::::!  of  mechanical  force.     This  must 

•  >: --±a;5  ::  -"i  ^''7^  Llset:-*::-  ISC:',  voL  iL,  p.  10,  etc 

_  '.  ^! ."  _^. sxi.-.:.!  :«:  -'^^-  iricr^ru  aaJ  csscnlial  to  matter,  so 

.      _     .!"_*^ .-  , .-I-  --.-iiT  i:  *  iiitiLce.  through  a  vacuum,  with- 

.  ^^  "  -.  -,-  ..-Af  vt  iLi  ihrouzh  which  their  action  and 

,^:  j^.-  -cr*  z^  izoihff.  15  to  me  SO  gwat  an  awuroity 

-""  ..  J,  1,.  -,-  Ti:  li5  =  yL-iceophical  matters  a  competent  fiu> 

"'  *    ". -    -  •  -,-  --■  =-     G.-aviiT  niuit  be  caused  by  an  agent, 

.^. v-ixin  laws:  hot  whether  thia  agent  be  ma- 

-  -^   ..    ^^^-  .-^  :  iirf  :;A  w  the  considerition  of  my  reader."— An 
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fee  dne  to  the  force  exerted,  and,  if  the  consenr&tion  priaciple 
be  tiue,  must  have  coDsnmed  an  equiralent  proportion  of  tha 
Mose  of  ailractioD ;  and  yet,  according  to  the  definitioa  of 
gravity,  the  attractive  force  is  not  diminished  thereby,  but 
increased  fourfold,  the  force  growing  up  n-ithin  itself  the 
nore  rapidly,  the  moee  it  is  occupied  in  producing  other  force. 
On  the  other  hand,  if  mechanical  force  from  without  be  used 
to  geparat«  the  particles  to  twice  (heir  distance,  this  force  is 
not  stored  up  in  momentum  or  by  inertia,  but  disappears  ;  and 
three-fourths  of  the  attractive  force  at  the  first  distance  disap- 
pears with  it.     How  can  this  be? 

We  know  not  the  physical  condition  or  action  from  which 
inertia  results ;  but  inertia  is  always  a  pure  case  of  the  con- 
servation of  force.  It  has  a  strict  relation  to  gravity,  as  ap- 
pears by  the  proportionate  amount  of  the  force  which  gravity 
can  communicate  to  the  inert  body ;  bat  it  appears  to  have 
the  same  strict  relation  to  other  forces  acting  at  a  distance  as 
those  of  magnetism  or  electricity,  when  they  are  so  applied 
by  the  tangential  balance  as  to  act  independent  of  the  gravi- 
tating force.  It  has  the  like  strict  relation  to  force  communi- 
cated by  impact,  pull,  or  in  any  other  way.  It  enables  a 
body  to  take  up  and  conserve  a  given  amount  of  force  until 
that  force  is  transited  to  other  bodies,  or  changed  into  an 
equivalent  of  some  other  form  ;  that  is  all  that  we  perceive 
ia  it ;  and  we  cannot  find  a  more  striking  instance  amongst 
nMurol,  or  possible  phenomena,  of  the  necessity  of  the  con- 
Bcrvation  of  force  as  a  law  of  nature ;  or  one  more  in  con- 
trsst  with  the  aasnincd  variable  condition  of  the  gravitBting 
fierce  supposed  to  reside  in  the  particles  of  matter 

Even  gravity  itself  fumlahea  the  sirietest  proof  of  the  con- 
•ovation  of  force  in  this,  that  its  power  ia  unchnDgeable  for 
the  B&me  distance ;  and  is  by  that  in  striking  contrast  with 
the  variation  which  we  assume  in  regard  to  the  cause  cf  grav- 
itif,  to  account  for  the  rfsuUt  at  different  distances. 

It  will  not  be  imagined  for  a  moment  that  I  am  opposed 
16" 
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I  to  what  may  be  called  the  low  of  ^avitaJlmg  adUon,  that  ia, 
f ,41m  law  hj  which  all  the  known  eflects  of  grttritj  arc  gor 
"r  smed ;  what  I  am  considering  ia  the  definition  of  theyc^roe  of 
I  fravitafion.  That  the  result  of  ooo  exercise  of  a  power  may 
\  \t  inTorscly  as  the  square  of  the  distance,  I  believe  and  ad> 
;  and  I  know  that  it  is  so  in  the  caae  of  gravitj,  aad  baa 
\  Weo  Terifled  to  an  extent  that  could  hardly  ha^e  been  wkhiD 
I  Ihe  concoptioa  even  of  XowtoD  himself  when  he  gave  uttei^ 
e  to  the  law  ;  but  that  the  Maiity  of  a  force  can  be  en> 
f  jkyed  according  to  that  law  I  do  not  believe,  either  in  rela- 
y  tion  to  gravitation,  or  electricity,  or  mbgnetiBro,  or  any  other 
■apposed  form  of  power. 

I  might  have  drawn  reasons  for  urging  a  eontinnal  recol- 
lection of,  and  reference  to,  the  principle  of  the  conservaliCHi 
I  of  force  from  other  forms  of  power  than  that  of  gravilatioa  i 
\  Vnt  I  think  that  when  founded  on  gravitating  phcnomenat 
I  lliey  appear  in  their  greatest  simplicity  ;  and  precisely  for  thig 
nTeason,  that  gravitation  has  not  yet  been  coaoected  by  any 
degree  of  convertibility  witli  the  olher  forms  of  force.     If  I 
refer  for  a  few  minutes  to  these   other  forms,  it  is  oidy  to 
point  in  their  variations,  to  the  proofs  of  the  value  of  ihe 
principle  laid  down,  the  consistency  of  the  known  phenomena 
I  'vilh  it,  and  the  snggcslions  of  research  and  discovery  which 
I   arise  from  it.     Beat,  for  instance,  is  a  mighty  form  of  power, 
and  its  oflccts  have  been  greatly  developed ;  therefore,  assimip- 
tioDB  regarding  its  nature  become  useftd  and  necessaiy,  and 
philosophers  try  to  define  it.     The  most  probable  aaaiuiption 
is,  that  it  is  a  motion  of  the  particles  of  matter ;  bat  a  view, 
at  one  time  very  popular,  is,  that  it  consists  of  a  particnlar 
fluid  of  heat.     Whether  it  be  viewed  in  one  way  or  the  olher, 

tthe  principle  of  conservalioa  is  admitted,  I  believe,  with  all  its 
force.  When  transferred  from  one  portion  to  another  portion 
of  like  matter,  the  full  amount  of  heat  appears.  When  trans- 
farred  to  matter  of  another  kind  an  apparent  eioesa  c 
ctency  often  results  !  the  word  *'  capacity"  is  then  intn 
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ich,  white  it  acknowledges  the  principle 
lesvea  space  for  research.     When  employed  in  changing  the 
state  of  bodies,  the  appearance  and  disappearance  of  the  heat 
ia  provided  for  consistently  by  the  aasmnpiion  of  enlarged  or 
dinunished  motion,  or  else  space  is  left  by  the  term  "  capa- 
dty"  for  the  partial  views  which  rem^n  to  be  developed. 
When  converted  into  mechanical  force,  in  the  steajn  or  air 
engine,  and  so  brought  into  direct  contact  with  gravity,  being 
then  easily  placed  in  relation  to  it,  slill  the  conservation  of 
force  is  fuUy  respected  and  wonderfully  snstainei].     The  con- 
amount  of  heat  developed  in  the  whole  of  a  voltaic  cor- 
.t  describod  by  M.  P.  Favre,*  and  the  present  state  of  the 
iwledge  of  thermo-clectricily,  are  again  fine,  partial,  or 
ibordJnate   illustrations  of  the  principles  of  conservation. 
:n  when  rendered  radiant,  and  for  the  time  giving  no  truce 
signs  of  ordinary  heat  action,  the  assumptions  regarding 
nature  have  provided  for  the  belief  in  the  conservation  of 
by  admitling  either  that  it  throws  the  ether  into  an 
livaJent  state,  in  sustaining  which  for  the  time  the  power 
engaged ;  or  else,  that  the  motion  of  the  particles  of  hc«t 
b  employed  altogether  in  their  own  transit  irom  place  to 
place. 

that  heat  often  becomes  evident  or  inscnaible  in 
»  manner  unknown  to  ns ;  and  we  hare  a  right  to  uk  what 
liappeoing  when  the  heat  disappears  in  one  part,  as  of  tlie 
irmo-voltaic  current,  and  appears  in  another ;  or  when  it 
anlarges  or  changes  the  slate  of  bodies ;  or  what  would  liap- 
pen,  if  the  heat  being  praseoled,  snch  changes  were  purpuHvIy 
opposed.  We  have  a  right  to  aak  these  questions,  but  not  to 
ignore  or  deny  the  cona*vation  of  force ;  and  one  of  tha 
highest  ases  of  the  prindple  is  to  snggeat  Bucli  inquiries.  Ex* 
plications  of  similar  points  are  coatinuolly  produced,  and  will 
W  most  abundant  from  the  hands  of  those  whoi  not  desiring 
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Oo  not  for  an  instant  donbt  tli«  conservAtion,  but  ore  mored 
look  for  the  manner  in  which  (he  foroes  are,  for  the  tinte, 
'A'apoeed,  or  if  ihey  have  laken  up  another  form  of  force,  to 
■BBrdi  vhat  that  form  msj  be. 

Ev«n  chemical  action  at  a  distance,  which  is  in  snch  aa- 
tithetical  contrast  vith  the  ordinary  exertion  of  chemical  affin- 
ity, since  it  can  produce  ctTects  utiles  away  from  the  partidei 
on  which  they  depend,  and  which  are  effectual  only  by  forces 
acting  at  insensible  distances,  atiD  proves  the  same  thing,  the 
eooacrraljon  of  force.  Preparations  can  be  made  for  a  chem- 
[ical  action  in  the  simple  voltaic  circuit,  but  nntil  the  circuit 
\ha  complete  that  action  does  not  occur ;  yet  in  completing  w« 
arrange  the  circuit,  that  a  distant  chemicaJ  action,  the 
;t  equivalent  of  the  dominant  chemical  action,  shnll  1m 
produced ;  and  this  resnlt,  whilst  It  eslabliBbes  the  e!«ctr<>* 
dienucal  equivalent  of  power,  establishes  the  principle  of  tb» 
coiuervation  of  force  also,  and  at  the  same  time  aaggeau 
many  collateral  inquiries  which  have  yet  to  be  made  and 
WiBwercd,  before  all  that  concerns  the  conservation  in  tbb 
ease  ctm  be  understood.  * 

This  and  other  instances  of  chemical  action  at  a  distaOM 
any  our  inquiring  thon^ils  on  from  the  facts  to  the  phyaieal 
lode  of  the  exertion  of  force  ;  for  the  qualities  which  Men 
Incated  and  fixed  to  certain  particles  of  matter  appear  at  « 
distance  in  connection  with  particles  altogether  diSerent. 
They  also  lead  our  thoughts  to  the  conver§ion  of  one  form  of 
'power  into  another ;  as,  for  instance,  in  the  heat  wbich  th« 
if  a  voltaic  pile  may  either  show  at  the  place  wber« 
Aey  act  by  their  combnsliou  or  combination  together,  or  in 
Ihe  distance,  where  the  electric  spark  may  be  rendered  raanl* 
tost ;  or  in  the  wir«  of  fluids  of  the  different  parts  of  the 

When  we  occupy  ourselves  with  the  dual  forms  of  power, 
electricity,  and  magnetism,  we  find  great  latitude  of  assump- 
and  necessarily  so,  for  the  powers  become  more  and 


THI  OOWBEEVATION  OF  FOBCB. 

)  GoiDplicBt«d  in  tbeir  conations.  Bnt  etilt  then  is  no 
t  desire  U>  let  loose  the  force  of  the  principle  of  con- 
serrfttion,  avm  ia  those  c&sca  where  the  appearance  and  difl- 
^pearaoce  of  force  mav  seem  most  evident  and  striking. 
Electricity  appears  when  there  is  consamption  of  no  other 
tone  than  that  required  for  friction  ;  we  do  not  know  how, 
bnt  we  search  to  know,  not  being  willing  to  admit  that  the 
electric  force  can  arise  onl  of  nothing.  The  two  electiicitiea 
are  dereloped  in  equal  proportions  ;  and  having  appeared,  we 
may  dispose  variously  of  the  influence  of  one  npon  Enccesslve 
portions  of  the  other,  causing  nmnv  changes  in  relation,  yet 
never  able  to  make  the  sum  of  the  force  of  one  kind  in  the 
least  degree  exceed  or  come  short  of  the  ram  of  the  other. 
In  that  necessity  of  equality,  we  see  another  direct  proof  of 
the  conservation  of  force,  in  the  midst  of  a  thonsand  changes 
that  require  t»  be  developed  in  their  principles  before  we 
can  consider  this  port  of  science  as  even  moderately  known 
tons. 

One  assumption  with  regard  to  electricity  it,  that  there  is 
an  electric  fluid  rendered  evident  by  excitement  in  pins  and 
minus  proportions.  Another  assumption  is,  that  there  are 
two  fluids  of  electricity,  each  particle  of  each  repelling  all 
particles  like  itself,  and  attracting  all  particles  of  the  other 
kind  always,  and  with  a  force  proportionate  to  the  inverse 
sqnare  of  the  distance,  being  so  far  analogous  (o  the  defini- 
tion of  gravity.  This  hypothesis  is  antagonistic  to  the  law 
of  the  conservation  of  force,  and  open  to  all  the  objections 
that  have  been,  or  may  be,  made  against  the  ordinary  defini- 
tion of  gravity.  Another  assumption  is,  that  each  particle  of 
the  two  electricities  has  a  given  amount  of  power,  and  can 
only  attract  contrary  particles  with  the  sum  of  that  amount, 
acting  npon  each  of  two  with  only  half  the  power  it  could  in 
like  circumstances  exert  upon  one.  But  various  as  are  the 
usnmptions,  the  conservation  of  force  (though  wanting  in  the 
I  anoond)  is,  I  think,  intended  to  be  included  in  nlL     I  midd 
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repeat  the  same  observations  nearlj'  in  regard  to  magnetism— 
whether  to  be  assumed  as  a  fluid,  or  two  fluids  or  electric  our- 
rente — whether  the  external  action  be  supposed  U)  be  action 
at  a  distAQce,  or  dependent  on  an  external  condition  and 
lines  of  force — still,  all  are  intended  tu  admit  the  conserra- 
tiott  of  power  as  a  principle  to  which  the  phei 
snbject. 

The  principles  of  physical  knowledge  arc 
Tcloped  as  to  enable  us  not  merely  to  define  c 
known,  but  to  stale  reasonable  expectations 
un^Tiou^ ;  and  I  think  the  principle  of  the  c 
force  may  greatly  aid  experimcniol  philosopher 
to  science,  which  consiala  in 


r  describe  the 

regarding  the 

of 

that  duty 

of  problems  to 

be  sotved.  It  will  lead  us,  in  any  case  where  the  force  r^ 
maining  unchanged  in  form  is  altered  in  direction  only,  to 
look  for  the  new  disposition  of  the  force  ;  as  in  the  cases  of 
magnetism,  static  electricity,  and  perhaps  gravity,  and  to  as- 
certain that  as  a  whole  it  remains  unchanged  in  amount — or, 
if  the  original  force  disappear,  either  altogolhor  or  in  part,  it 
will  lead  us  to  look  for  the  new  condition  or  form  of  force 
which  should  result,  and  to  develop  its  equivalency  lo  the 
force  that  has  disappeared.  Likewise,  when  force  is  devel- 
oped, it  will  cause  us  to  consider  the  previously-existing  equiv- 
alent to  the  force  so  appearing ;  and  many  such  cases  there 
arc  in  chemical  action.  When  force  disappears,  as  in  the 
electric  or  magnetic  induction  af)cr  more  or  leas  discbarge,  or 
that  of  gravity  with  an  increasing  distance,  it  will  suggest  a 
research  as  to  whether  the  equivalent  change  is  one  withia 
the  apparently  acting  bodies,  or  one  external  (in  part)  to 
them.  It  will  also  raise  up  inquiry  as  to  the  nature  of  the 
internal  or  external  stale,  both  before  the  change  and  alW. 
If  supposed  to  be  external,  it  will  suggest  the  necessity  of  a 
physical  process,  by  which  the  power  is  communicated  from 
body  to  body  ;  and  in  the  case  «f  external  action,  wOl  lead 
to  the  inqtiiry  whether,  in  any  cose,  there  can  be  truly  action 


wboie;  ndifm 

■ppijing  the  princqile  of  comciwatMBi 

Bbonid  cndesToor  to  see,  far  em 

is  better  than  none.    Let  us, 

g  in  amy  shape;  the  true  a|h 

wiD  be  eeslT  developed  afierwuds. 

that  I  should,  as  ther  think, 

II  DBVOK  ite  eoBdnsians  of  Newum  ;  bnt  here  there 

1  ^  *■•  oBiMiae  Kewttn  on  ainr  pomt ;  it  is 

of  acdan  at  a  distanee*  dist 
I  eogtei  no  be  of  mrself,  I  am 
euniictiotts  aie  in  aocord- 
Ax  die  SBHK  time,  ^ose  who  oe- 
bt  not  to  depend  aho- 
sbmid  find  leascm  within  them- 
Tiinafxa  aad  coeaideiation,  to  use  and 
XewioKi  hzaneb'  whilst  refer- 
war  V  tKfMf  -w^t  w=^  jnicEsr  Li*  riev^  <:waks  of  such  as 
r-fcrrt  II  iTTSL  li  ^ccrkc  in  «ari  imtxen,  and  makes 
2iii.«<feL  rnpr^,  aad  ibow  who  were  inoont- 
ns  xrr  nv   -sw» 


la  s.rtr  iJ,  ^i«  TTTBiBrdg  cc  iJie  ccoiserraticni  of  force 
:s»^-  Tr  ^*ss*  >»  aamHiL  "WaL.  iSft,  if  it  be  nnfoonded  even 
^  «-  ai?!i2%:t?tt:i/-n  -u  -ms  smithKC  tots  cc  the  science  of  foi«&, 
a»  'w^i.  ssfesv  M  a'Hin  tut*  reac&i.  ior  all  phTsieal  science 
>  ^.  j:  tsM  si^i«  n2Kv««£=SES  as  ^ftrre  or  lazier  than  anv 
-«!•  av.^  -aa^  *r  JocraaBBiL  I  60  aoc  resist  the  search  for 
tfcia.  «ix^  ii»  fstif  .:aa  w  ini  'ii  te:  cclr  cood.  who  works 
«ti&  tfs  .MTWiT  «!ii  T^nadiL  nsv  in  sach  a  direction.  But 
«•  to>  Tw-^  tunnt-  :tiir  inKrannra  cr  cr««iioQ  of  force  without 
ift2^  '-fos^nm  nmm.  •^ncc  as  ;^  chemist  owes  afl  the 
'Mk'«  ;\  ny>  A-wuirs  V  iDS^  wdRnSczxe  on  the  certaintr 
1  ;r^■  "iJkL^At  jpouM  >«-  :atf  >«juic«.  so  maj  the  phjsical 
«^.k'%«v^2M'  ;s:?iKT  V  ^Eni  ^QiT  <?viiaMC  flecnritr  and  the  utmost 
wiK    u  tM  ii-iw^-mMif  n:  ite  nsaervaciaB  of  tbroa.    All  that 


ft 
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have  that  is  good  and  safe,  as  the  steam-eafriiie,  the  eleo- 

■telegraph,  &c,,  witness  to  that  principle — it  would  require 

perpetual  motion,  a  fire  without  heat,  heat  without  a  source, 

action  without  reaction,  cause  with  effect,  or  effetit  without  a 

displace  it  from  its  rank  as  a  law  of  nature. 


During  the  year  that  has  passed  since  the  puhlicalion  of 
the  foregoing  views  regarding  graritation,  ic,  I  have  come  to 
the  knowledge  of  various  observations  upon  them,  some 
adverse,  others  favourable :  these  have  given  me  no  reason  to 
change  my  own  mode  of  viewing  the  subjert ;  but  some  of 
them  make  mc  think  that  I  have  not  slated  the  matter  with 
sufficient  precision.  The  word  "force"  13  nnderstood  by 
many  to  mean  simply  "  the  tendency  of  a  body  to  pass  from 
one  place  to  another,"  which  is  equivalent,  I  suppose,  to  the 
phrase  "  mechanical  force ;  "  those  who  so  restrain  iis  mean- 
ing must  have  found  my  argument  very  obscure.  What  I 
mean  by  the  word  ''  force,"  is  the  cattte  of  a  physical  action  ; 
the  source  or  sources  of  all  possible  changes  amongst  the 
particles  or  materials  of  the  imiverse. 

It  seems  to  me  that  the  idea  of  tlie  conservation  of  force  is 
absolutely  independent  of  any  notion  we  may  form  of  the 
nature  of  force  or  its  varieties,  and  is  as  sure  and  may  be  as 
firmly  held  in  the  mind,  as  if  we,  instead  of  being  very 
ignorant,  nnderstood  perfectly  every  point  about  the  cause  of 
force  and  the  varied  effecis  it  can  produce.  There  may  bo 
perfectly  distinct  and  separate  caiiscs  of  what  ore  called 
chemical  actions,  or  electrical  actions,  or  gravitaling  actions, 
constituting  so  many  forces ;  but  if  the  "  conservation  of 
force"  is  a  good  and  true  principle,  each  of  these  forces  must 
be  subject  to  it :  none  cau  vary  in  its  absolute  amount ;  each 
must  be  definite  at  all  times,  whether  for  a  particle,  or  for  all 
the  particles  in  the  oniverse ;  and  the  sum  also  of  the  three 


•»«Va^«i4aM(M*k     Or,  tlicra  may  b«  bot 
utd  is  f\ace  of  three 
iTfrtftk  in  its  manifes- 
oot  art  of  KcUoQS  and 
outy  become  very 
m  km  «^i^  te^BHM*  with  the  idea  ot  the 
t   Vi*  MfiMi*    ita«a   ^tbe    electricfJ    and 
tak  fvAi^  taaiAneM  vitk  the  conservation 
tf  *•  MMiain  •■■»  of  ib«  two  or  more  sets 


f  v^  4m  V»  caiMM  atwmys  traee  a  force  by 
A  te  FOtwr^wrioB.  Oxygen  and 
mi  tie  ;nvt  whltoat  showing  any 
t  Af*  DHT  be  made  at  any  giren 
'  •uiulht  »nt«*  pnwJB.  aad  thai  asstune  a  new 
^-^  ^iHot  t&««  «ppt*f  •»  passire  bodies.  Now, 
I  .-»jiiv.  .■i*»trr'<  «xpuuB  wbat  the  chemiral  force  is 
.  f  .u  s>>.  ■v-Jiui,  are  k»  efieci»  during  the  three 
icrv,  i,,  iLni  lAer  tae  artiT*  combination,  and  only 
liHiv  issintpo.li  .lu  apc«v<4Kii  to  a  feeble  conoep- 
j.  «f  t  w;  lie  ac«  rnppose  the  creation 
jt"  4  i^i  j^Tr>ju  ,i'  S«\v  i"r  vw  *i.tiTe  moment  of  time,  or 
'iw  «js  ^-i)v>«  '.Mi  'iM  turvvi<  b«4oiiftBS  to  the  oxygen  and 
!t,<nirtftwit  d:uft  xnoi-xi^iM  in  tibtir  :fcmo)int  at  aQ  these  periods, 
uiuit^  vsr-vitt^  ia  lOinr  rv^ulis.  A  part  may  at  the  active 
3t%MM«tii  !m  -Juvwu  ^if  .^  otiiviuAii.'al  toiw.  a  pari  a«  radiant 
a>fw,  &  pan  iii!fK.wmI  ft"  w*  tai'v  wx  bow :  bat  believing,  fay 
Uitf  pruii.'t(N«  ^>f  L-iJii^AK^^uioa.  iii:»t  It  fe  Bot  inCTeascd  or 
ieetivvwJ,  ifttr  uou^ts  are  iirev-««l  to  $ean4i  ont  v-hat 
at  ail  aad  every  perkAi  it  ci  d»ng,  and  how  ii  is  to  be 
reivgncavii  ami  nte«»ireJ.  A  problem,  ibandcd  on  the 
phy^'ttl  truth  tft  Dacuie.  u  ttaCed.  ai>d.  beinir  Hated,  ia  on  the 
wittr  lo  its  ^luduo. 

Tboee  wbo  admit  the  possibility  oi  the  eommos  origin  of 
all  physical  force,  and  abo  acknowledg*  the  prioopfe  of  on- 
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^HirvatioD,  apply  that  principle  to  the  sum  total  of  the  forc«. 
^"^loogh  the  amooat  of  mechanical  force  (using  habitual  lan- 

gnage  for  convenience  sake)  may  remaiD  unchanged  and 
definite  in  its  character  for  a  long  time,  ret  when,  as  in  the 
collision  of  two  equal  inelastic  bodies,  it  appears  to  be  lost, 
they  find  it  in  the  form  of  heat ;  and  whether  they  admit  that 
heat  to  be  a  continued  mechanical  action  (as  is  most  proba- 
ble), or  assume  some  other  idea,  as  that  of  electricity,  or 
action  of  a  beal'fluid,  slill  they  hold  to  the  principle  of  con- 
serration  by  admitting  that  the  sum  of  force,  t.  e.  of  the 
"  caoae  of  action,"  is  the  same,  whatever  character  the  effects 
assume.  With  them  the  conrerlibility  of  heat,  electricity, 
magnetism,  cRcmical  action  and  motion,  is  a  familiar  thought ; 
neither  can  I  perceive  any  reason  why  they  should  be  led  to 
exclude,  d  priori,  the  cause  of  gravitation  Irom  association 
with  the  cause  of  these  other  phienomena  respectively.  All 
that  they  are  limited  by  in  their  various  investigations, 
whatever  directious  they  may  take,  is  the  necessity  of  mak- 
ing no  assumption  directly  contradictory  of  Ibe  conservation 
of  force  applied  to  the  sum  of  all  the  forces  concerned,  and  to 
endeavour  to  discover  the  different  directions  in  which  the 
varioua  parts  of  the  total  force  have  been  exerted. 

Those  who  admit  separate  forces,  inter-unchangeable, 
have  to  show  that  each  of  these  forces  is  separately  subject 
to  the  principle  of  conservation.  If  gravitation  be  such  a 
separate  force,  and  yet  its  power  in  the  action  of  two  par- 
ticles be  supposed  to  be  diminished  fourfold  by  doubling  the 
distance,  surely  some  new  action,  having  true  gravitation 
character,  and  that  alone,  ought  to  appear,  for  how  else  can 
the  totality  of  the  force  remain  unchanged  ?  To  define  the 
force  as  "  a  simple  attractive  force  exerted  between  any  two 
or  all  the  particles  of  matter,  with  a  strength  varying  in- 
versely as  the  sqnore  of  the  distance,"  is  not  to  answer  the 
question ;  nor  does  it  indicate  or  even  assimie  what  are  the 
other  complemenlary  resolt^  which  occur ;  or  allow  the  sa^ 
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poritkm  th«t  wadk  are  neoeMarj :  it  is  sunpfy,  as  il  ■ppam 
to  me,  to  deny  the  ocmaeiretioii  of  force. 

Ab  to  the  graYitatiiig  force,  I  do  not  presmne  to  Baj  that  I 
have  the  least  idea  of  What  occurs  in  two  particles  when  thdr 
power  pf  mutnallj  approaching  each  other   is  changed  Iff 
their  being  placed  at  different  distances  ;  but  I  have  a  strong 
conviction,  through  ih»  influence  on  my  mind  of  the  doctrixM 
of  conservation,  that  there  is  a  change ;  and  that  the  phe- 
nomena resulting  from  the  change  will  probably  appear  some 
day  as  the  result  of  careful  research.     If  it  be  said  that 
^^  'twere  to  consider  too  curiously  to  consider  so,"  then  1 
must  dissent :  to  refrain  to  consider  would  be  to  ignore  the 
principle  of  the  conservation  of  force,  and  to  stop  the  inquiiy 
which  it  suggests— whereas  to  admit  the  proper  logical  force 
of  the  principle  in  our  hypotheses  and  considerations,  and  to 
permit  its  guidance  in  a  cautious  yet  courageous  course  of  in- 
vestigation, may  give  us  power  to  enlarge  the  generalities  we 
already  possess  in   respect  of  heat,  motion,  electricity,  mag- 
netism, &c.,  to   associate  gravity  with  them,  and  perhaps 
enable  us  to  know  whether  the  essential  force  of  gravitation 
(and  other  attractions)  is  internal  or  external  as  respects  the 
attracted  bodies. 

Betuming  once  more  to  the  definition  of  the  gravitating 

power  as  "  o  simph  attractive  force  exerted  between  any  Uco  or 

all  the  particles  or  masses  of  matter  at  every  sensible  distance, 

hut  with  a  strength  varying  inversely  as  the  square  of  the 

distanccy"  I  ought  perhaps  to  suppose  there  are  many  who 

accept  this  as  a  true  and  sufficient  description  of  the  force,  and 

who  therefore,  in  relation  to  it,  deny  the  principle  of  conser- 

vation.     If  both  are  accepted  and  are  thought  to  be  consL<^- 

ent  with  each   other,  it  cannot   be   difficult   to  add  words 

which  shall  make  "  varying  strength "  and  "  conservation " 

ftgree  together.     It  cannot  be  said  that  the  definition  merely 

applies  to  the  ejfects  of  gravitation  as  far  as  we  know  them. 

oo  understood,  it  would  form  no  barrier  to  progress ;  for, 
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Ihat  partides  at  different  distances  are  nrged  toward  each 
other  with  a  power  yarying:  inversely  as  the  square  of  the 
distance,  is  a  truth :  but  the  definition  has  not  that  mean- 
ing; and  what  I  object  to  is  the  pretence  of  knowledge 
which  the  definition  sets  up  when  it  assumes  to  describe,  not 
the  partial  effects  of  the  force,  but  the  nature  of  the  force 
as  a  whole* 
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Dttnandt  in  1909,  tfler  spending  ten 
oaacd  the  Ciiit««itj  of  Bodb  Id  1819, 
~  lu^m.    Id  lBa2  be  «»l  to 
Id  IBU  be  read  >  [■per  on 


iMn  ks  vM  ^pointri  adjiiiiel  Piofcseor  of  Chem- 
GoMm.  He  becime  prdMci  t/  this  iustitntlon 
,  aM  tsMfelAed  b««  the  Sat  UMnlot7  ig  Oomuif  Ibf  teaching 
1  di^MsBy.  la  1S44  he  poUidied  ha  "Chenistry  in  iie  ■pfriica- 
.Igricdfeac  ■><  nnialcig;,"  ia  Ifae  Ban  of  ■  npon  to  the  Briti^ 
lioB.  k  ISI9  he  i^otad  to  the  sum  bod;  lu«  iroifc  on  "  Aiumal 
MM  tBie  ^^eared  Us  "fknuHsr  Letlen  on 
I  ben  NviitUB  aod  maeb.  attoded     Be  is  the 


of  the  UbonloTj  in  the 
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to  Un  £1,000,  Mid  fa  isao  be  became  PresidcDt  of  the  Aodeni;  of 
m  1m  MiaiA.  PiiAawif  UMg  it  a  bold  sod  intrepid  inreati^lor, 
I  >i4«nt  vTiHT,  *ho  haa  aiade  a  fnToond  imprcwion  npso  his  age. 
sane  of  his  ticws  hare  not  liecn  accepted  in  the  chemical  worid,  and 
hara  b(«o  abandoned  br  binadi;  odwn  bare  lakm  thelc  place  ta 
Iba  bodj  of  «""''''>  tnnh.  lite  diaise  that  soow  of 
;  hi  the  tine  sdeo- 
idlwiU 
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IT  18  wen  bown  that  our  machines  create  no  power,  bat 
only  retnm  what  thej  have  received.  The  motion  of  a 
clock  is  produced  by  a  wei^t  or  a  spring ;  but  it  is  the  power 
of  the  human  arm  applied  to  stretch  the  spring  or  elevate  the 
weig^  which  is  expended  in  the  movement  of  the  wheels  and 
pendulum  in  twenty-four  hours,  or  in  eight  or  fourteen  days. 

A  water-wheel  sets  in  motion,  in  a  mill,  one  or  more  mill- 
atones;  in  a  foundry,  one  or  more  hammers;  in  saltworiu 
or  mines  it  pumps  or  raises  weights  to  certain  heights ;  in 
%  fiidories,  it  communicates  movements  to  looms,  spinning  ma> 
dunes,  and  roUers.  In  all  these  instances,  the  work  per- 
finrmed  by  the  water-wheel  is  due  to  the  force  exerted  by  tlie 
fidling  water  on  the  buckets,  which  sets  the  wheel  in  motion  ; 
and  this  force  must  be  greater  than  the  resistance  presented 
by  the  different  machines  in  operation.  The  performance  of 
the  machine  is  measurable  by  this  force. 

The  work  of  a  steam-engine  is  executed  by  the  movement 
of  a  piston  upwards  and  downwards  by  the  pressure  of  steam, 
jpsi  as  a  water-wheel  is  moved  by  the  pressure  of  water. 
"The  cause  of  this  pressure  is  heat,  which  is  derived  from  tlio 
fthpiwiAftl  process  of  combustion,  and  is  absorbed  by  water. 
By  this  heat,  steam  is  produced,  and  the  necessary  expansion 


iSoiersnaasi  >  ^>^;  3w»  miinhniiMi)  i 

LE  ::?  in  pttn  IiKt  by  &ica>a.  For  if  two 
)uee«i%  '^e  <(iiiK  puw^r.  it  b<  wand  tb*i  the  greater 
[■  wTjri  ttE  i)«  itin.TiiieJ  b^  cfe  Mse  wtu<^  has  to 

frk-dija  id  ii»aj»  r— janiini  li  artins  ia  Jir««  oppodtion  to 
mucija  in  iiT^n  oimrhini;.  Ic  wad  bieiuTed  cfa^  the  workms 
pow>^  ^c  ^  jB^tibia^  ixald  be  abboinulj  umihiUted  by  it. 

^  tiu  pr.iTTniarj  (.iiase  of  ihi*  ce:<e«no(i  ot  modon.  frictioD 
wu  a  palpable  Qu.^.  and  could  as  soi-h  b«  takea  into  accoant ; 
b*a  a  '-■-'  errur  was  <»nmunetl  in  siring  a  thmretical  view 
of  iu  EDode  of  sctioa.  For  Ii  a  power  coold  be  annihilated, 
or.  tD^xher  word^  have  nothing  as  its  effect,  then  there  would 
be  no  concradimoQ  involved  m  the  belief,  thai  out  of  noiking 
also  power  coold  be  created.  To  ih'"*  etroncons  idea  we  may 
partly  trace  the  belief,  held  tor  centuries  by  most  able  men,  in 
the  possibiliry  of  discovering  a  machine  which  should  renew 
within  itself  its  own  power  as  it  was  expended,  and  thus  ever 
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^liMmtisue  in  motion,  witlioDt  the  necegsily  for  any  external 

e  force.     The  discovery  of  such  a  perpetual  molioa  wu, 

k  Indeed,  worthy  of  every  effort.     It  would  be  as  valuable  as 

P'ttte  bird  nliich  lava  the  golden  eggs ;  for  by  itx  means  labour 

Ironld  be  performed,  and  money  made  in  abnndancc  without 

any  expenditure. 

A  mass  of  fact«,  hitherto  nninlelligible,  have  hod  much 
light  thrown  upon  them  by  a  more  correct  view  of  natural 
forces,  for  which  we  arc  indebted  to  a  phyBician,  Dr.  Miiyor, 
of  Heilbronn,  and  wliich,  by  the  invealigalions  of  the  molt 
eminent  natural  philosophers  and  mathematicians,  has  attained 
a,  significance  and  importance  scarcely  to  be  foreseen. 

According  to  Dr.  Mayer,  forces  are  causes,  in  which  fUQ 
application  of  the  axiom  must  be  foimd,  that  every  cbum 
must  produce  an  eBcct  which  corresponds  and  is  equal  to  tho 
cause.  Caiua  nquat  tjfedwm.  Thus  If  a  cause  C  produces 
an  effect  E,  then  C  =  E.  Should  the  effed  E  become  Iho 
eanse  of  another  effect  e,  then  also  E  =  e  >h  C.  In  sttch  a 
chain  of  causes  and  effects  no  link,  or  part  of  a  link,  can  ever 
become  notbing-  e>  nothing.  Shonld  a  given  cause  C  have  pro 
doced  its  eorrespnuding  effect  E,  then  C  ceases  to  exist,  for 
it  Ima  been  converted  inio  E.  Consequently,  u  C  passes  into 
E,  and  the  latter  into  c,  it  follows  that  all  these  causes,  as  far 
U  relates  to  their  quantity,  possess  the  properly  of  indittntet*- 
btUly,  and  to  liicir  quality  that  of  convertibility.  In  nnmboiv. 
less  cases  we  see  a  motion  cease,  without  its  usual  elfocta 
being  produced,  snch  as  litling  a  weight  or  load  ;  but  as  tho 
force  which  has  caused  the  motion  cannot  be  reduced  to 
nothing,  the  question  arises,  what  form  has  it  assumed.  Ex- 
perience gives  the  answer,  by  showing  that  wherever  motioq 
is  arrested  by  friction,  a  blow,  or  concussion,  heat  is  the  re- 
sult.    The  motion  is  the  cause  of  the  heat. 

The  rapid  Action  of  two  plates  of  metal  can  raise  tlieir 
mperature  to  redness,  and  couse  the  ebullition  of  waler  if 
le  friction  takes  place  below  its  surface.     In  like  manner, 
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OD  itB  buckets.  Thus  to  raise  a  hammer  weighing  ten  pound* 
to  the  height  of  one  foot  requires  at  least  the  fall  of  ten  poands 
ireighl  of  water  from  a  height  of  a  foot.  It  was  then,  properly 
q)eakiiig,  this  weight  of  falling  water  whieh  produced  the 
beat  through,  means  of  the  hemmor.  By  simply  altering  the 
ftrrangemcDt  of  the  machinery,  the  same  force  would  hava 
caiued  a  milestone  to  reTolvc  with  great  rapidity  on  its  axis, 
or  raised  by  friclioa  two  iroa  disks  to  a  red  beat. 

From  experiments  instituted  lo  elucidate  this  point,  it  has 
been  established  thai  13,500  blows  of  a  hammer,  weiglting  10 
potmda,  falling  on  a  bar  of  iron  from  a  height  of  one  foot,  pro- 
duce an  amoimt  of  heat  sullicient  to  raise  one  pound  of  witter 
from  the  freezing  point  lo  that  of  ebtillition.  This  fact  may 
be  represented  in  another  way  by  saying,  that  1,350  cwts.  of 
water,  falling  from  a  height  of  one  foot,  will  raise  the  temper^ 
ature  of  1  lb.  of  walcr  from  treesiing  to  the  boiling  point ;  or 
1,350  lbs.  of  water  falling  i^m  the  same  height  will  raise  one 
ponad  of  water  one  degree  in  temperature,  or  in  other  words, 
that  this  amount  of  heat  corresponds  to  a  working  pOweTg 
CApable  of  elevating  13^  cwt.  to  the  height  of  one  foot. 

Wherever  motion  is  lost  in  a  mnchiac  by  friction  or  by 
OODCOBsion,  there  is  always  produced  a  corresponding  amount 
of  heat.  When,  on  the  other  hand,  a  certain  quantity  of 
work  is  performed  by  heat,  there  disappears,  with  the  mf 
dianlcal  efiect  obtained,  a  certain  amount  of  heat,  which  is 
expressed  by  saying  that  the  heat  lost  by  one  pound  of  water 
in  falling  one  degree  in  temperature,  is  equal  to  the  elevation 
of  13i  cwt.  to  the  height  of  one  foot.  This  quantity  of  heat 
becomes  then  the  equivalent  or  value  of  the  working  power 
expressed  by  the  above  numbers. 

This  constant  relation  between  heat  and  mechanical  move- 
ment has  been  confirmed  in  the  most  varied  manner.  A  rod 
of  metal  is  extended  by  a  weight,  and  oi^its  removal  reaiunea 
its  original  length,  provided  certain  limits  be  not  exceeded- 
TbA  Bame  effect  is  produced  by  heat ;  and  it  is  evident  that 
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aa  eqiMl  fene  iBa»t  be  exerted  bj  the  rod  in  its  exteoaioo 
M  n  its  ctmtiweliaa.  Noir,  experiment  has  shown  thttt  the 
nIttioB  afnmei  hj  ibe  wtmbera  above  given,  must  exist 
WtwMB  ft  pT«B  exteanoa  of  a  bar  of  iron,  and  the  heat  or 
wcj^hl  wUck  baa  caaaed  tbal  «xtensioi),  m.,  that  a  qaantity 
mt  heal  aiAcaaM  to  laiM  a  pannd  of  wal«r  one  degree  in 
temfmttm*,  win,  wht  eommniiicaied  to  a  bar  of  iron,  enr 
abk  it  10  (lanie  b  waigbt  of  1,350  Ibe.  to  the  height  of  one 

Aa  fataraliag  appttcation  of  this  faet  was  long  ago  made 
ia  dn  ODaavralotre  des  Arts  et  Metiers,  in  Paris.  In  this 
baOiaig,  wtodb  ma  KmumtIt  a  conTeot,  the  nare  of  the  <^ardi 
D  for  iuduatrial  produds,  machines, 
In  its  arch,  traivrsing  its  length,  appeared 
a  oai^  vUefc  giadoaDf  inrmanril  to  the  width  of  sereral 
IbAm,  aad  yamhteJ  the  pawigc  of  rain  and  snow.  The 
f— *»e  coaU  MtSij  ba*«  been  dosed  hy  stone  and  lime,  but 
&•  jhlM^ft  of  Iba  sMe  walls  woaM  sot  have  been  prevented 
I7  Amb  laaaas.  The  whole  bnildiag  was  on  ibe  point  of 
Ini^  pdkd  dowa^  when  a  natural  phihwopher  proposed  tha 
Mfowiag  pba,  b;  which  tbe  object  was  acoomplished.  A 
BUDibBr  of  abraag  inn  rods  were  firmly  fixed  at  one  end  to  a 
Me  wall  of  tbo  Bare,  and  afiar  pas^ng  through  the  opposite 
wall  w>sr«  proTided  on  (be  outside  with  large  nuta,  which 
WMB  scnwed  np  lightly  to  the  wall.  By  apph-ing  boming 
straw  to  the  rods,  they  extended  in  length.  The  nuls  by  this 
wrtBiwion  being  tww  removied  several  indiea  from  the  wall, 
were  again  screwed  tight  lo  it.  The  rods  on  cooling  coo- 
Iracu^  with  enttfmoos  force,  and  made  the  Eide  walls  ap- 
proach each  other.  By  repeating  the  operation  the  crack 
enUrely  disappeared.  This  building  with  its  retainiog  rods 
is  still  in  existence. 

The  working  power  of  a  machine,  set  in  motion  by  eleo- 
iricity,  can  be  expressed  by  numbers,  in  the  same  way  as  the 
medissical  efiect  of  hsat.    Ad  electrical  corrcDt  is  g«Derat«d 


as  the 
Krat«d        1 
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(  rotating  magoel  or  by  eolation  of  zinc  in  the  galvanic 
battery.  Sacti  a  current,  in  circolating  throagh  a  thick  or 
tLin  wire,  exhibits  the  same  deportment  as  a  fluid  flowing 
through  a  wide  or  narrow  tube.  As  a  given  quantity  of  fluid 
c  time  or  greater  pressure  to  pass  through  a  nar- 
V  tube  than  through,  a  large,  so  a  thin  wire  oflcrs  a  greater 
peistance  than  u  thick  one  to  ihe  passage  of  a  current  of  elei^ 
ricity.  The  current  is  thtta  retarded  and  dioiiniahcd,  one 
prtjon  only  passing  through  the  conductor,  the  other  being 
inverted  into  heal.  According  (o  the  amount  of  heat  thug 
1  by  the  convereion  of  iLe  electricity,  a  conducting 
B  of  platinum  can  be  fused,  one  of  gold  fused  and  coa- 
I  vapour,  and  a  considerable  quantity  of  water 
rought  into  violent  ebullition  by  passing  the  current  through 
a  thin  platinum  wire  wound  round  a  glass  tube  in  a  spiral 

If  the  electrical  current  circulates  through  a  wire  wound 
spirally  rouud  a  bar  of  iron,  the  latter  is  converted  inio  a 
powerful  magnet  capable  of  attracting  and  carrying  several 
hundred  weights  of  iron.  The  electrical  is  converted  into  the 
magnetic  force,  by  which  a  machine  may  be  set  in  motion. 
The  power  of  attraction  communicated  to  the  iron  bar  is  in 
exact  proportion  to  the  amount  of  electricity  circulating  in 
surrounding  wire,  and  this  current  is  again  dependent  on 
properly  of  the  conductor.  That  portion  of  electricity 
Vliich  in  the  conductor  is  converted  into  heat,  produces  no 
power  of  attraction  in  the  iron  bar.  It  follows,  from  the 
foregoing,  that  the  quantity  of  electricity  which  circulates,  of 
that  which  produces  heat,  and  the  amount  of  magnetic  power 
convertible  into  working  power,  stand  in  the  same  relation  to 
each  other,  as  the  working  power  prodncod  in  a  machine  by 
the  pressure  of  falling  water  to  the  heal  generated  by  friction 
Mid  concussion  in  the  same  machine.  The  same  amouut  of 
electricity  which,  when  converted  into  heat  by  the  resistance 
of  the  conductor,  raises  by  one  degree  the  lemperature  of  one 
17* 


tD  tB0  lirijgfct  oi  one  fooC 
Aroo^  wliidi  Ihm  dectricily  is  cii»» 


into  liiiliu(pai  and  oxrgcn  tek€0 
^lectridtr  is  cootatod  into  ^Acmicftl 
of  attimetioQ  wlncii  esoses  the  sep- 
of  water.  With  the  erohitiaii  of  the 
d  traeesof  die  dectriod  caiTentdi»- 
to  taodiifg  heal  md  magnetic  force,  the 
ckctiical  quieut.  is  ^jfwrentlj  in  thit 
in  teplaee  we  obtain  two  gases,  one  of 
Iwiaed  in  migisn*  reprodnces  water 
^ow  it  has  been  proved,  hj  carefnl  ez- 
f!n5«  ihxi  aa  electrical  current  of  a  giren  strength, 
fc  fccTened  into  heal  in  a  contactor,  is  capable 
X  tbe  leam^egamre  of  a  poond  of  water  br  one  degree, 
W  ibe  decomposition  of  water  a  qoantity  of  by- 
iwf»r-  "by  "lb?  wcxNistion  of  which  one  poond  of  water  can 
&fic  >«  e!ft*Tar<ti  coe  derree  in  temperature. 

TS*  ^  as  asi  Tov^r  of  attraction  which  were  apparently 
tec  )^  tb»  owcc=^c««hMn  of  the  water,  had  only  become 
iis;>s:.  <c  ZT  f^vak.  rs  the  elements  of  water.  This  heat  is 
arasr  i«n  ^?^  oe»  die  rennicn  of  these  elements,  and  if  con- 
power.  wooM  product  the  same  result 
fs  weichi  a  foot  high)  as  would  have  been 
<il^r9fK  ^7  a  stanetic  power  generated  by  a  quantity  of  elec- 
tr^rarj  rErr£i*2iiar  rcosd  a  bar  of  iron,  equal  to  that  which 
witf  xirympT-  esaric^Td  in  the  decomposition  of  the  water. 

TSe  ftfe-fsjieal  luitwii  is  the  consequence  of  a  chemical 
a^rtEk^.  a=>d  tbe  amocnt  of  electricitT  which  circulates  can 
tKfTvrf.-c^  he  meanmed  by  the  quantity  of  sine  which  is  di^ 
^i>^^^.  The  <JMaaical  fbra  (affinity)  is  couTerted  by  die 
*c^Hrx«  of  the  one  into  a  correipoDding  quantity  of  elee- 
aad  this  again  in  Ae  oondiKlor  into  its  eqniTaleni  of 
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:,  or  into  magnetic  force,  or,  as  in  the  case  of  the  docom- 
porition  of  water,  into  chemical  force.  In  do  case  h  there  ■ 
diminutjon  or  increase  of  force.  If,  according  to  the  materi-  7 
iliBt,  matter  is  indestructible,  the  same  holds  good  with  regard 
to  force.  It  ia  not  ostinguished ;  ita  apparent  annihilation, 
its  disappearance,  is  only  a  conversion  into  some  other  form. 

We  know  now  ihe  origin  of  the  heat  and  light  which 
warm  and  iilumtnate  oar  dwellings,  of  the  heat  and  power 
generated  in  our  bodies  hy  the  vital  process.  Plants  are  the 
one  sonrce  of  all  materials  used  for  the  production  of  beat 
and  light,  and  of  that  nourishment  which  must  be  daily  taken 
to  maintain  the  phenomena  of  vitality.  The  clemenis  of 
plants  are  earthy  in  their  nature,  and  are  obtained  from 
water,  earth,  and  air.  In  plants,  certain  inorganic  com- 
ponnds — carbonic  acid,  water,  and  ammonia— are  decom* 
poeed.  The  carbon  of  the  carbonic  acid,  the  hydrogen  of 
the  water,  and  the  nitrogen  of  the  ammonia,  are  retained  as 
oonstituents  of  their  organs,  but  the  oxygen  of  the  carbonic 
acid  and  of  the  water  are  returned  aa  gas  to  the  air.  With 
out  light,  however,  plants  cannot  grow. 

The  vilal  process  in  plants  exhibits  itself  as  directly  oppo- 
uta  in  its  character  to  the  chemical  process  in  the  formation 
of  salts. 

Carbonic  atid,  water,  and  xine,  when  brought  together  pro- 
dnce  a  certain  effect  on  each  other.  In  virtue  of  chemical 
affinity  there  is  formed  a  white  powdety  compound,  contain- 
ing carbonic  acid,  £inc,  and^oxygen  &om  the  water,  and 
hj/drogtn  is  at  the  same  time  evolved. 

In  plants,  the  living  bud  or  part  of  the  plant  takes  the 
place  of  tbe  zinc.  By  their  growth  are  formed,  from  carbonic 
acid  and  water,  compounds  containing  carbon  and  hydrogen, 
or  carbon  and  the  elements  of  water,  and  oxygen  is  at  the 
same  lime  evolved.  Sunlight  acta  in  living  plants  like  eleo- 
tricity,  which  arrests  the  natural  attraction  of  the  elements  of 
water,  and  separates  them  &om  each  other. 
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of  maa*  The  change  of  positioii  in  the  elements  of  these 
complex  bodies,  attendant  on  their  rearrangement  into  new 
and' simpler  compounds,  necessarily  gives  rise  to  motion ;  and 
the  molecular  movement  of  the  particles  in  a  state  of  change 
is  transferred  to  the  nrascnlar  mass.  Chemical  action  is  thus 
evidently  the  source  of  mechanical  power  in  bodies. 

The  elements  of  the  food  of  men  and  animals  which  give  ^ 
rise  to  power  and  heat,  are  produced  in  living  plants  only  by  - 
the  action  of  sunlight.    The  rays  of  the  sun  become  latent, 
00  to  speak,  in  them  in  the  same  way  as  the  current  of  eleo- 
trici^  becomes  latent  in  the  hydrogen  by  decomposition  of 
water. 

Man,  by  food,  not  only  maJntnins  the  perfect  structure  of 
his  body,  but  he  daily  lays  in  a  store  of  power  and  heat,  de-/ * 
rived  in  the  first  instance  from  the  sun.    This  power  and  ^ 
heat,  latent  for  a  time,  reappears  and  again  becomes  active 
-wbtaa.  the  living  structures  are  resolved  by  the  vital  processes 
Into  their  original  elements. 

The  rays  of  the  sun  add  daily  to  the  store  of  indestructi- 
ble forces  of  our  terrestrial  body,  maintaining  life  and  motion. 
Thus,  from  beyond  the  limits  of  our  earth,  the  body,  the  more 
earthly  vessel,  derives  all  that  may  be  called  good  in  it,  and 
of  this  not  a  single  particle  is  ever  lost. 
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ON  THE  CORRELATION  OF  THE  PHYS- 
ICAL AND  VITAL  FORCES. 


L— belahonb  of  light  and  heat  to  the  vital  fobgeb 

OFPLANTa 

IN  every  period  of  the  hktoij  of  Fhysiology,  attempts 
have  been  made  to  identify  all  the  forces  acting  in  the 
living  Body  with  those  operating  in  the  Inorganic  nniverse* 
Because  mnscnlar  force,  when  brought  to  bear  on  the  bones, 
moves  them  according  to  the  mechanical  laws  of  lever  action, 
and  because  the  propnlsive  power  of  the  heart  drives  the 
blood  through  the  vessels  according  to  the  rules  of  hydraulicsi 
it  has  been  imagined  that  the  movements  of  living  bodies  may 
be  explained  on  physical  principles ;  the  most  important  con- 
sideration of  all,  namely,  the  source  of  that  contractile  power 
which  the  living  muscle  possesses,  but  which  the  dead  muscle 
(though  having  the  same  chemical  composition)  is  utterly  in- 
capable of  exerting,  being  altogether  left  out  of  view.  So, 
again,  because  the  digestive  process,  whereby  food  is  reduced 
to  a  fit  state  for  absorption,  as  well  as  the  formation  of  va^ 
rions  products  of  thd  decomposition  that  is  continually  taking 
place  in  the  living  body,  may  be  initiated  in  the  laboratory 
of  the  chemist ;  it  has  been  supposed  that  the  appropriation 


to  dM  ptodncdon  of  the  liTUig  ofganized 
of  wUdi  tike  flerenl  parts  of  the  bodj  are  compoeed, 
i»  be  referded  as  a  fhemifal  acdon— aa  if  anj  ocMnbiiiadon 
and  gdadae,  ht  and  atardi,  sab  and  bone-earth| 
a  Imag  Man  without  the  constActiye  agency  in- 
the  fgfBrm,  firom  which  his  bodilj  &bric  is  evc^yed. 
\Tiodiffr  daas  of  leaaoners  have  cut  the  knot  which  thej 
eonld  HOC  mntie*  bj  attributing  all  the  actions  of  living  bodies 
§att  which  rhiaigs  and  (Themistiy  cannot  account,  to  a  h jpo* 
thffiffal  ^  Vital  pradple ;"  a  shadowy  agmcj  that  does  every 
^hiag  in  its  ^wm  waj^  bai  refines  to  be  made  the  subject  of 
Wiirmiiiff  examinatiDa ;  like  die  ^*  od-force  **  or  the  ^^  spiritual 
power**  to  whidt  the  krreis  of  die  marrellous  are  so  fond  of 
attntaling  the  mracenous  motements  of  turning  and  tihiDg 


A  DiQK  scie&cidc  spirit,  howeyer,  prevails  among  the  best 
FhTwlo^:i?C5  of  the  present  da  v ;  who,  whilst  fully  recognix- 
ing  the  fi^t  that  many  of  the  phenomena  of  living  bodies  can 
be  accounted  for  by  the  agencies  whose  operation  they  trace 
in  the  world  around,  separate  into  a  distinct  category — that 
of  wikiii  actions — such  as  appear  to  difier  ahogether  in  kind 
firom  the  phenomena  of  Physics  and  Chemistry,  and  seek  to 
determine.*  from  the  stuchr  of  the  conditions  under  which  these 
present  themselves,  the  2atrs  of  their  occurrence. 

In  the  prosecution  of  this  inquiry,  the  Physiologist  will 
find  it  greatly  to  his  advantage  to  a^pt  the  method  of  philos- 
ophinng  which  distinguishes  the  Physical  science  of  the  pres- 
ent firom  that  of  the  past  generation ;  that,  namely,  whidi, 
whilst  fully  acceptiog  the  logical  definition  of  the  catwe  of  any 
phenomenon,  as  ^^  the  antecedent,  or  the  concurrence  of  ante- 
cedents on  which  it  is  invariably  and  unconditionally  conse- 
quent" (Mill),  draws  a  distinction  between  the  dynamical 
and  the  matericU  conditions ;  the  former  supplying  the  power 
whidi  does  the  woi^,  whilst  the  latter  afibrds  the  inatrumental 
means  through  whidi  that  power  operates. 
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^  Thus  if  wc  inspect  a  Cotton  Factory  in  fuL  action,  we  find 
it  to  conlain  a  rast  number  of  machines,  many  of  them  but 
repetitions  of  one  another,  but  many,  too,  presenting  the  most 
marked  diyeraities  in  construction,  in  operation,  and  in  reaulu 
ant  prodacts.  We  see,  for  example,  that  one  is  supplied  with 
the  raw  material,  which  it  cleans  and  dresses ;  that  another 
T»ceivea  the  cotton  thus  prepared,  and  '■  cards"  it  bo  as  to  lay 
its  fibres  in  such  an  arrangement  as  may  admit  of  its  being 
spun  ;  that  another  series,  taking  up  the  product  supplied  by 
the  carding  machine,  twists  and  draws  it  out  into  threads  of 
T&rions  degrees  of  fineness  ;  and  that  this  thread,  carried  into 
■  fborth  set  of  machines,  is  woven  into  a  fabric  which  may 
be  either  plain  or  variously  figured  according  to  thir  constmc- 
tion  of  the  loom.  In  every  one  of  these  dissimilar  operations 
the /orce  which  is  immediately  concerned  in  bringing  about  the 
resolts  is  one  and  the  same ;  and  the  variety  of  its  prodacla  is 
dependent  solely  upon  the  diversity  of  the  material  instru- 
ments  through  which  it  operates.  Tet  these  arrangements, 
bowever  skilfully  devised,  are  utterly  valuelesB  without  the 
force  which  brings  them  into  play.  All  the  elaborate  mechan- 
ism, the  triumph  of  human  ingenuity  in  devising,  and  of  skill 
in  constructing,  is  as  powerless  as  a,  corpse  without  the  vii 
viva  which  alone  can  animate  it.  The  giant  stroke  of  the 
steam-engine,  or  the  majestic  revolution  of  ibe  wat«r>whoe] 
gives  the  required  impulse ;  and  the  vast  apparatus  which 
the  moment  previously  in  a  statu  of  death-like  inactivity, 
JB  aronscd  to  aU  the  energy  of  ile  wondrous  life  every  part 
its  complex  organization  taking  upon  itself  its  peculiar 
of  activity,  and  evolving  its  own  special  product,  in  vii^ 

of  the  share  it  receives  of  the  one  general  force  distri1> 
nted  through  the  entire  aggregate  of  machinery. 

But  if  we  carry  back  our  investigation  a  stage  further,  and 
inquire  into  the  origin  of  the  force  supplied  by  the  sleam- 
Migine  or  the  water-wheel,  we  soon  meet  with  a  new  and 
most  significant  fact.     At  our  first  stage,  it  u  true,  we  find 


H  JB  an 

nnodf 
■■fnec 
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aalkj  the  mudm  mediaiiieaL  ftroe  actnig  tkrooi^  a  <iiflhffp.wt 
kind  of  inBtnuDMntalitj ;  the  slickM  of  tlio  pbtoa  of  tht 
■teftm-eDgine  being  dependent  npon  the  elaido^woe  of  the 
▼nponr  of  water,  wbilai  the  TOfobitkMi  of  the  waleiHrheel  it 
maintained  bj  the  downward  impetne  of  water  aa  amum. 
But  to  what  anteeedeni  dynamical  agencj  can  we  trace  tfceM 
forcec?  That  agency  in  each  case  is  Heat;  a  force  altogether 
dimrimilar  in  its  ordinary  maniifestations  to  the  force  whidli 
produces  sensible  motion,  yet  ci^ble  of  being  in  torn  con- 
verted  into  it  and  generated  by  it.  For  it  is  from  -the  Heat 
applied  beneath  the  bmler  of  the  steam-engine  that  the  non* 
elastic  liquid  contained  in  it  derives  all  that  potency  as  elastic 
▼apoor,  which  enables  it  to  orercome  the  vast  mechanical  r^ 
sistance  that  is  set  in  opposition  to  it.  And,  in  like  manner, 
it  is  the  heat  of  the  solar  rays  which  pomps  up  terrestrisl 
waters  in  the  shape  of  yaponr,  and  thos  supplies  to  Man  a 
perrenial  source  of  new  power  in  their  descent  by  the  force 
of  graTitv  to  the  level  firom  which  they  have  been  raised.* 

The  power  of  the  steam-engine,  indeed,  is  itself  derived 
more  remotely  firom  those  same  rays ;  for  the  Heat  applied 
to  its  boilers  is  but  the  expression  of  the  chemical  change  in- 
volved in  combustion  ;  that  combustion  is  sustained  either  by 
the  wood  which  is  the  product  of  the  vegetative  activity  of 
the  present  day,  or  by  the  coal  which  represents  the  vegeta- 
tive life  of  a  remote  geological  epoch ;  and  that  vegetative 
activity,  whether  present  or  past,  represents  an  equivalent 
amount  of  Solar  Light  and  Heat,  used  up  in  the  decomposi- 
tion of  the  carbonic  acid  of  the  atmosphere,  by  the  instru- 
mentality of  the  growing  plant  .f  Thus  in  either  case  we 
come,  directly  or  indirectly,  to  Solar  Radiation  as  the  main- 

*  See  on  this  subject  the  recent  adminble  address  of  Sir  WOfiam  Ann- 
strong  at  the  Meeting  of  the  British  Association  at  Newcastle. 

f  This  was  discerned  by  the  gcnins  of  George  Stephenson,  before  the 
general  doctrine  of  the  Correlatton  of  Forces  had  been  giTcn  to  the  worid 
by  Mayer  and  Grore. 
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epring  of  our  mechanical  power ;  the  tu  viva  of  onr  whole 
microcoEm.  Modem  ptayaicol  inquiry  ventures  even  one  step 
further,  and  eeeke  the  source  of  Light  and  Heat  of  the  Sua 
itself.  Are  these,  as  formerly  supposed,  the  result  of  com- 
biiBlion,  or  are  they,  as  Bnrmiaed  by  Mayer  and  Thomaon, 
the  expression  of  the  motive  power  continually  generated  in 
the  fall  of  ailrotites  towards  the  Sun,  and  as  continually  anni- 
hilated by  their  impact  on  ils  surface  ?  Leaviu);  the  discus- 
sion of  this  question  to  Physical  Fbilosophera,  I  proceed  now 
to  my  own  proper  subject. 

It  is  DOW  about  twenty  years  since  Dr.  Mayer  first  broadly 
announced,  in  all  its  generality,  the  great  principlo  now  Imown 
as  that  of  "'  Conservation  of  Force  ;"  as  a  necessary  deduc- 
tion from  two  axioms  or  essential  truths — ex  nihilo  nilJU,  and 
Till yit  ad  nihilam — the  validity  of  which  no  true  philosopher 
would  ever  have  theoretically  questioned,  but  of  which  he 
was  (in  my  judgment)  the  first  to  appreciate  the  full  practical 
bearing.  Thanks  to  the  labours  of  Faraday,  Grove,  Joule, 
Thomson,  and  Tyndall,  to  say  nothing  of  those  of  Helmhottz 
and  other  distinguished  Continental  savans,  the  great  doctrine 
expressed  by'the  term  "Conservation  of  Force"  is  now 
amongst  the  best-established  generalizations  of  Physical  Sci- 
ence; and  every  ihonglilful  Physiologist  must  desire  to  see 
the  same  course  of  inquiry  thoroughly  pursued  in  regard  to 
the  phenomena  of  living  bodies.  Tliia  ground  was  first  broken 
by  Dr.  Mayer  in  his  remarkable  treatise,  "  Die  Organlsche 
Bewegung  in  ihrem  Zusammcnhange  nit  dem  Slofiwcchsel" 
("  On  Organic  Movement  in  its  relation  to  Itlaterial  Changes," 
Heilbronn,  184^)  ;  ia  which  he  distinctly  set  forth  the  princi- 
plo that  the  source  of  all  changes  in  the  living  Orgauiam, 
animal  as  well  as  vegetable,  lies  in  the  forced  acting  npon  it 
from  toithout;  whilst  the  changes  in  ils  own  composition 
lm)ught  about  by  these  agencies,  he  considers  to  he  the  imme- 
rce  of  the  forces  which  are  generated  by  it. 

In  treating  of  these  forces,  however,  he  dweUs  chiefly  on  - 


of  ILnioB,  HmI,  ligjbft,  end  Eketzieitf  bf 
img  boiBw ;  uifting  move  ali^htlf  i^no  the  phenomena  of 
Gwwth  and  Detdofnet,  whldb  coDetiUHe,  in  the  eye  of  the 
fkvmologiie,  Ae  djainrt  province  of  ^tafitj,     In  a  memoir 
of  my  ovn,  -  On  the  Mntnel  BdatioDS  of  the  ViUd  and  Fhje- 
ieal  Foeeea,"  pnhiiAM  in  the  Fhiloeophical  Traneaetions  for 
U50,*  I  aimed  to  ihow  that  the  general  dodrine  of  the  ^'Gop- 
of  the  Pl^Bcal  Forces"  propounded  bj  Mr.  Grove, 
cqttallj  appKcable  to  thoee  Vital  forces  which  most  be 
as  the  moving  powos  in  the  prodoction  of  purely 
fiiyiiulogBcal  phenomena;   these  f<»oes  being  generated  in 
fiving  hodiea  hj  the  traasfionnatkm  of  the  Light,  Heat,  and 
flhffmiral  Action  siqiplied  by  the  world  around,  and  being 
given  badL  to  it  again,  ehher  during  their  life,  or  after  its 
Cffmsiioiu  thietr  in  Motion  and  Heat,  bat  also  to  a  less  de- 
gree in  Light  and  Electridtj.     This  memoir  attracted  but 
finle  anention  at  the  time,  being  regarded,  I  believe,  as  too 
qwcaladve  ;  but  I  have  since  had  abundant  evidence  that  the 
minds  of  thoughtful  Physiologists,  as  well  as  Physicists,  are 
moving  in  the  same  direction ;  and  as  the  progress  of  sdenoe 
anoe  the  publication  of  my  former  memoir,  i^ould  lead  me 
to  {Mnesent  some  parts  of  my  scheme  of  doctrine  in  a  different 
£Bnn.t  I  venture  to  bring  it  again  before  the  public  in  the 
ftrm  of  a  sketch  (I  claim  for  it  no  other  title),  of  the  aspect 
in  which  the  application  of  the  principle  of  the  '^  Conserva- 
tion of  Force  **  to  Physiology  now  presents  itself  to  my  mind. 

•  At  this  date  the  Imboors  of  Dr.  Kayer  were  not  known  either  to  my- 
«ir  or  (so  &r  as  I  am  aware)  to  any  one  dse  in  this  ooontry,  save  the  latt 
An  Bdr,  who  a  lew  months  after  the  publication  of  my  Memoir,  placed  in 
■y  ^*°^  ^^  P^pphlet,  '' Bie  Oiganiscfae  Bewegong ;  **  to  which  I  took  the 
mdktt  opportoniiy  in  mj  power  of  drawing  public  attention  in  "  The  Brit- 
^Tr^'^^  ^«**«>^^»«ngical  Kcriew"  for  July,  1851,  p,  287. 

^??^?f^y  P«^««i  bja  Memoir  on  the  CJorrdation  of  Phyrfctl, 
r^y  fo'^P^  *nd  the  CoDsemttion  of  Force  in  Tital  PhenoB- 
*  ^JJJ'^  (Q^  Sooth  Oaioiina  CoUege),  in  Silliman's  American 
■•  *■•%  >epiteed  ia  the  Phiioaophieal  Magaiine  for  1860. 
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If,  in  the  firat  place,  wo  ioqaire  what  it  ia  that  esBentiall]r 
mKingnishes  Vital  from  every  kind  of  Physical  actiTity,  we 
find  this  distiaciion  most  characteristically  expressed  in  the 
(act  that  a  germ  endowed  with  Life,  deveiopea  itaelf  into  an 
organism  of  a  type  resembling  that  of  its  parent ;  that  this 
organism  is  the  snbjcct  of  iocesaaot  changes,  which  all  lend 
ia  the  first  place  to  the  evolution  of  its  typical  form,  and  snb- 
aeqnentty  to  its  maintenance  in  that  form,  notwithstanding  the 
anlagonigm  of  Chemical  and  Physical  agencies,  which  are 
continually  tending  to  produce  its  disintegration  ;  but  that,  as 
its  term  of  existence  is  prolonged,  its  conservative  power  de- 
clines so  aa  to  become  less  and  less  able  to  resist  these  disinte- 
grating forces,  to  which  it  finally  succumbs,  leaving  the  organ- 
ism to  be  resolved  by  their  agency  into  the  components  from 
which  its  materials  were  originally  drawn.  The  history  of  a 
living  organism,  then,  is  one  o{  ineueant  change;  and  the 
conditions  of  this  change  are  to  be  found  partly  in  the  organ- 
ism itself,  and  partly  in  the  external  agencies  to  which  it  is 
snbjected.  That  condition  which  is  inherent  in  the  organiam, 
being  derived  hereditarily  from  its  progenitors,  may  be  con- 
veniently termed  its  germinal  capacity ;  its  parallel  in  the  ia- 
orgonic  world  being  that  fundamental  difference  in  properties 
which  constitutes  the  distinction  between  one  substance, 
whether  elementary  or  compound,  and  another ;  in  virtue  of 
which  each  "  behaves"  in  its  own  characteristic  manner  when 
subjected  to  new  conditions. 

Thus,  although  there  may  be  nothing  in  the  aspect  or  sen- 
sible properties  of  the  germ  of  a  Polype,  to  distinguish  from 
that  of  a  Man,  we  find  that  each  develops  itself,  if  the  requi- 
site conditions  be  supplied,  into  its  typical  form,  and  no  other; 
if  the  developmental  conditions  required  by  either  be  not  sup- 
plied we  do  not  find  a  difierent  type  evolved,  but  no  evolution 
M  all  takes  place.* 

■  It  is  quite  tne  that  amoog  certain  or  the  lower  tribes,  both  of  PU&U 
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rf  bio  orguintion  mwiiitiiillj  eoBMti  in  dUfa:  tfUt  ln^ 
hitter  the  ocmstitiient  parte  of  Hia&MB^efoiviMl  txlhfi  jtfih 
eM8  of  growUi  fttn  ibe  oorig^iiaL  gomi,  am  rittllHr  t»  eiMfc 
dher  m  8tnietiif8  and  endowmenla,  lAilat  in  flia  Kuniii'  lki|f 
are  prognanvribf  ^Arentiated  wiUi  tiia  advanoa  of  dsnkp- 
nuent,  ao  Uiai  Hba  £dbrk  boinei'atlaBttoooiiaialor  nnmidiir 
of  or^ofu,  or  mstrnnwato,  mom  or  Ibm  SuaSaSiMt  in  itnuh 
toTB)  oompoBiCioiif  and  andowjooanta*  Tlma  in  An '  lofwaal 
forma  of  Yageteble  fifia,  the  primordial  gann  molCiiiKea  -itodf 
hj  diq>]icat]Te  adbdiviaion  into  an  apparently  nnliniitod 
bar  of  odiB,  eadi  of  Uiam  dmSar  to  ofoy  odiar,  and 
Ma  of  maintaining  ite  amtenoa  indepehdan^y  of  fljaaa,  Jal 
in  that  lowest  Bhisopod  type  of  Aiiiihal  fift^  Qnb  knowledge 
of  whidi  ia  among  the  most  remarkable  frnita  of  modern  bio* 
logical  research,  '^  the  Phjsiologist  has  a  case  in  whidi  those 
▼xtal  operations  whidi  he  is  elsewhere  aocnstomed  to  see  car- 
ried on  by  an  elaborate  apparatus,  are  performed  witlumt  any 
spedal  instruments  whatever ;  a  little  partida  of  apparently 
homogeneous  jelly  changing  itself  into  a  greater  Tariety  of 
forms  than  the  &bled  Proteus,  laying  hold  of  its  food  wiftoot 
members,  swallowing  it  without  a  mouth,  digesting  it  wilhoBl 
a  stomach,  appropriating  its  nutritious  material  wdhout  abaoib* 
ent  vessels  or  a  circulating  system,  moving  from  plaoe  to  place 
without  muscles,  feeHng  (if  it  haa  any  power  to  do  ao)  wxlii* 
out  nerves,  propagating  itself  without  genital  apparatna,  and 


•ad  Animalii,  espeoiaUy  the  Ikmgi  and  Fnkmm  rimnii'  gonas  naj  dt?^ 
op  thflmaehrM  into  yvj  (HmimilT  fomn,  aceording  to  the  eondMoas  OBi 
der  which  thej  ue  evolved ;  but  such  di waitiet  are  only  the  mee  ktad  as 
tfaoee  which  manlftBt  themaelvea  among  •mfivicftMdifai  the  hSgher  Plantaaad 
AnhnalB,  and  only  show  that  in  the  types  in  qneetion  there  Is  a  leM  okas 
ooofonnity  to  one  pattern.  Ndther  in  theie  groapa,  nor  la  that  groop  of 
J^brammifera^  in  which  I  have  been  led  to  regard  the  range  of  variialioa 
aa  pecoHariy  great^  does  any  tendency  ever  show  itaelf  to  the 
of  the  diaiaotsi  of  any  group  flmdawentaPy  4MBdkt» 
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I   vot  only  this,  but  in  many  iastoncea  forming  shelly  coverings 
of  a  symmetry  and  complexity  not  surpaased  by  those  of  any 
testaceous  animals,"*  wtubt  the  mere  separation  of  a  frag- 
ment of  this  jcUy  ia  sufficient  to  originate  a  now  and  ind^ 
pendent  organism,  so  Ihnt  any  number  of  these  beings  may 
be  produced  by  the  successive  detachment  of  such  particles 
from  a  eingle  Rhizopod,  each  of  them  rctainiag  (so  far  as  wo 
e  at  present  the  means  of  knowing)  the  chttracl«ristic  en- 
f  the  stock  from  which  it  was  an  offset, 
.  When,  on  the  other  hand,  we  watch  tbe  evolution  of  any 
F  the  higher  types  of  Organization,  wbether  vegetable  or 
al,  we  observe  that  although  in  the  first  instance  the  pri- 
Kirdial  cell  multiplies  itself  by  duplicative  subdivision  iaU> 
B  aggregation  of  cells,  which  are  apparently  but  repetitions 
r  itself  and  of  each  other,  this  homogeneous-extension  baa 
B  each  case  a  definite  limit,  speedily  giving  place  to  a  stnic- 
d  difierentiation,  which  becomes  more  and  more  decided 
ti  tbe  progress  of  development,  until  in  that  most  helero-" 
DBneoua  of  all  types — the  Human  Organism— -no  two  ports  are 
sely  identical,  except  those  which  correspond  to  each 
n  the  opposite  aides  of  the  body.     With  this  structural 
B  associated  a  corresponding  difierentiation  of 
taction ;  for  whilst  in  the  life  of  tbe  most  highly  developed 
i  complex  organism  we  witness  no  act  wliich  is  not  foro- 
tdowed,  however  vaguely,  in  that  of  tbe  lowest  and  sim- 
Mt,  yet  we  obsert-e  in  it  that  same  "  division  of  labour " 
I  the  essential  characteristic  of  the  highest 
a  of  civilization.     For,  in  what  may  be  termed  tbe  ele- 
intary  form  of  Human  Society,  in  which  every  individual 
e  upon  himself  alone  for  the  supply  of  all  his  wants,  no 
jater  result  can  be  obtained  by  the  aggregate  action  of  the 
^^itire  community  than  its  mere  maintenance ;  but  as  each  in- 

■  See  the  Author's  hitcodautioa  to  the  Study  of  tlie  Fornminifera,  pub- 
ed  by  the  B>ji  Sodetf,  18113 :  Prefoce,  p.  vii. 
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'  )Mrt  is  but  a  repetition  of  every  other,  are  difierentiated  in 
the  highest  amongst  a  vaxiety  of  organs,  acquiring  in  virtue 
of  this  difTerentiation  a  much  greater  intensity. 

Thus,  then,  -wa  may  lake  that  mode  of  Vital  Activity 
which  manifcats  itself  in  the  evolution  of  the  germ  into  the 
complete  organism  repeating  the  type  of  its  parent,  and  the 
subsequent  maintenance  of  that  organism  io  its  integrity,  in 
the  one  case  oa  in  the  other,  at  the  expense  of  materials  de- 
rived from  eslemal  sources— as  the  moat  universal  and  most 
fundamental  characteristic  of  Life ;  and  we  have  now  to  con- 
■ider  the  nature  and  source  of  the  Forte  or  Power  by  which 
that  evolution  is  brought  about.  The  prevalent  opinion  has 
until  lately  been,  that  this  power  is  inherent  in  the  germ ; 
which  has  been  sappoeed  to  derive  from  its  parent  not  merely 
its  material  substance,  but  a  nuiu  formalivua,  hilduagstrieb, 
or  germ  force,  in  virtue  of  which  it  buDds  itself  up  into  the 

^Kkeness  of  its  parent,  and  maintains  itself  in  that  likeness 

mUl  the  force  is  exbau^lcd,  at  the  same  time  imparting  a 

0  each  of  its  progeny.     In  lliia  mode  of  view- 

'^ing  the  subject,  all  the  organizing  force  required  Io  build  up 
an  Oak  or  a  Palm,  an  Elephant  or  a  Whale,  must  be  coaccu' 
trated  in  a  minute  particle,  only  diecernihle  by  microscopic 
aid,  and  the  ag^;regate  of  all  the  gcrm-forces  appcrtcuning  to 
the  descendants,  however  numerone,  of  a  common  parentage, 
must  have  existed  in  their  original  progenitors.  Thus  in  the 
ease  of  the  successive  viviparous  broods  of  Aphides,  a  germ- 
ibrce  capable  of  organizing  a  mass  of  living  structure,  which 
would  amount  (it  has  been  calculated)*  in  the  tenth  brood 
to  the  bulk  of  five  hundred  millions  of  stout  men,  must  have 
been  shut  up  in  the  single  individual,  weighing  perhaps  the 
1-lOOOtb  of  a  grain,  Irom  which  the  first  brood  was  evolved. 
Aod  in  like  manner,  the  germ-force  which  has  organized  the 

*  Bea  Pro£  Hiuley  oa  the  "  Agucic  Reproductioa  of  Aphis,"  ia  1-1"" 
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^odics  of  ftU  the  iadividnal  roea  tliat  hare  Uvei  trom  Adiua 
|»  the  pnsMDt  daj,  miisl  hnva  been  c<»icet)trat«d  in  tlie  bed; 
of  their  commoD  aaceator.  A  more  complete  Todu/iio  ad  ii^ 
wnjum  can  scarcdj  be  broDgbt  against  any  hjpothesie  ;  and 
we  maj  consider  it  proved  that  in  some  way  or  other,  fresh 
arganisiiig  force  it  constantly  being  supplied  from  withotit 
goring  the  whole  period  of  the  exercise  of  ila  activity. 

When  we  look  carefully  into  the  queaiion,  however,  we 
^xtd  that  what  the  gtrm  really  Bupphes  is  not  the  force,  but 
Iha  dirtdive  agency  ;  thus  rather  resembling  the  control  «xer- 
Osed  by  the  superintendent  builder,  who  U  charged  with 
vorking  out  the  deeign  of  the  architect,  than  the  bodily  fom 
of  the  workmen  who  labour  under  hia  guidance  in  the  oot^ 
■traction  of  the  fabric.  The  actual  oonetniciive  force,  u  we 
loarn  from  an  extensive  surrey  of  the  phenomena  of  Life,  is 
■applied  by  Ucat,  the  infiuenoe  of  which  upon  the  rate  of 
growth  and  development,  both  animal  and  vegetable,  is  so 
aaarked  as  lo  have  uni\-ersally  atlracted  the  attention  of  Phy »• 
iologista,  who,  however,  have  for  tho  most  port  only  recagBi2ed 
in  it  a  vitai  itimultu  that  colls  forth  the  latent  power  of  the 
germ,  instead  of  looking  upon  it  as  itself  furnishing  the  power 
lluU  does  the  work.  It  has  been  from  the  narrow  limitation 
of  the  area  over  which  physiological  research  has  been  com- 
mouly  prosecuted,  that  the  intimacy  of  this  relationship  b»- 
twccn  Ueat  and  the  Organizing  force  has  not  sooner  becoma 
apparent.  Whilst  the  vital  phenomena  of  Warm-blooded  ani- 
Bials,  whicli  possess  within  themselves  the  means  of  main- 
taining a  constant  t«mperatarc,  were  made  the  sole,  or  at  aajr 
ntte  the  chief  objada  of  study,  it  was  not  likely  that  the  ii^ 
quirer  would  reo^nize  the  All  influence  of  external  heat  ia 
Accelerating,  or  of  cold  in  retarding  their  functional  actirity. 
Xt  is  only  when  tho  survey  Is  extended  to  Cold-blooded  soi- 
laals  v"J  'o  Plants,  that  the  immediate  and  direct  relation  be- 
^eea  Heal  and  Vital  Activity,  as  maaifetcd  in  the  rale  of 
growth  and  development,  or  of  other  changes  peculiar  to  the 
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firing  body,  ia  nnmistakabl}'  mnnifpslcij.  To  some  of  tlioao 
{JimonieTia,  which  afford  the  beet  illostratione  of  the  mode 
in  which  Heat  acts  npon  the  living  oi^anism,  attention  will 
now  be  directed, 

,  Commencing  with  the  Vegeloble  kingdom,  we  find  that  the 
operation  of  Heat  as  the  motivo  power  or  dynamical  agency, 
to  which  (he  phenomena  of  growth  and  development  are  to  be 
referred,  is  peculiarly  well  soon  in  the  process  of  Germina- 
tion. The  seed  consists  of  an  embryo  which  has  already  ad- 
vanced to  a  certain  stage  of  development,  and  of  a  store  of 
nutrimcut  laid  tip  an  the  material  for  its  further  evolution ; 
and  in  the  fact  that  this  evolntion  is  carried  on  at  the  expense 
of  organic  compounds  already  prepared  by  eitrinsic  agency, 
until  (the  store  of  these  being  exhanstcd)  the  yonng  plant  is 
sufficiently  far  advanced  in  its  development  to  be  able  to  elab- 
orate them  for  itself,  the  condition  of  the  germinating  embryo 
reaombles  that  of  an  Animal.  Now,  the  seed  may  remain 
(noder  favourable  circumstances)  in  a  stale  of  absolute  inac- 
tion daring  an  unlimited  period.  If  secluded  from  the  free 
access  of  air  and  moisture,  and  kept  at  a  low  temperature,  it 
i^  removed  from  all  influences  that  would  on  the  one  hand 
occasion  its  disintegration,  or  on  the  other,  would  call  it  into 
active  life.  But  when  again  exposed  to  air  and  moisture,  and 
subjected  to  a  higher  temperature,  it  either  germinates  or  de- 
cays, according  as  the  embryo  it  contains  has  or  has  not  pre- 
served its  vital  endowments — a  question  which  oiJy  expori- 
ment  can  resolve.  The  process  of  gcrminalioo  is  by  no  means 
a  simple  one.  The  nutriment  stored  up  in  the  seed  ia  in  great 
part  in  the  condition  of  insoluble  starch ;  and  this  most  be 
brought  into  a  soluble  form  before  it  can  be  appropriated  by 
the  embryo.  The  metamorphosis  is  effected  by  tlie  agency  of 
a  ferment  termed  diaslaae,  which  is  laid  up  in  the  immediate 
neighbourhood  of  the  embryo,  and  which,  when  broughl  to 
act  on  starch,  converts  it  in  the  first  instance  into  soluble  dex- 
trine, and  then  (if  its  action  be  continaed)  info  sagar.     Ths 
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tagtr,  combined  with  the  albaminotis  and  o3y 
»  aUmA  ap  in  the  seed,  form  the  "  protoplasm," 
is  tba  snfaet&nce  imioediately  rapptied  to  the  fODiig 
is  tbe  rnKterinl  of  its  tissues  ;  and  the  conTersion  of  this 
■iMn  into  Torioos  forms  of  organized  tissue,  which  }»■ 
cooM  won  uid  more  diScrenliated  as  development  advances, 
m  tihnouaiy  nfarable  to  the  ritsl  activity  of  the  germ.  Sow 
it  MB  Im  Tcrj  easily'  shown  experimentally  that  the  rait  of 
gormiBatiog  embryo  is  so  closely  related  (within 
i)  to  the  amount  of  heat  supplied,  as  to  place  its 
on  that  a^ncy  bcjond  reasonable  qnestion :  so 
folly  entitled  to  say  that  Heal,  acting  through 
Ae  germ,  supplies  the  constmctire  force  or  power  by  which  the 
Vegetable  fabric  is  built  up.*  But  there  appears  to  be  another 
■ouree  of  that  power  in  the  seed  itself.  In  the  conversion  of 
the  insoluble  starch  of  the  seed  into  sngnr,  and  probubly  also 
in  a  liirlhcr  metamorphoeia  of  a  part  of  that  sugar,  a  largo 
qnaotity  of  carbon  is  eliminated  from  the  seed  by  combining 
■with  the  oxygen  of  the  air,  so  as  to  form  carbonic  acid ;  this 
flombinatioD  is  necessarily  attended  with  a  disengngemeDt  of 
beat,  which  becomes  very  sensible  when  (as  in  molting)  • 
large  nimiber  of  germinating  seeds  we  aggregated  together ; 
and  it  cannot  but  be  regarded  as  probable  that  the  heat  thus 
evolved  within  the  seed  concurs  with  that  derived  from  with- 
out, in  supplying  to  the  germ  the  force  that  promotes  ita  evo- 
lution. 

*  The  efltM  of  Heat  U  doobUesa  muiifesled  verjr  dilTpmillj  by  dilltr- 
(nt  weds ;  tacb  niulioat  being  p&rtlj  ipetifie,  puily  indiriduoL  But 
ttcse  ■»  no  gtttier  thui  we  tee  in  the  ioorguiia  vorid  :  the  iDcnment  of 
iMipentiire  and  the  aogmectition  of  bulk  eihibiled  by  difTcrent  mbstuices 
lAen  subjactcd  Id  the  tuno  abaolute  measure  of  heat,  being  u  direrw  is 
ibe  >ab9tan«>a  ihEnuelTca,  The  whde  process  of  "  Malting,"  ll  may  be 
nmarked,  is  based  on  the  n^ularity  iritb  vhicb  the  aoedfl  of  a  particabu 
I^Miea  maj  be  at  any  lime  forced  to  a  definite  rate  of  g> 
dtflnite  Increment  of  lemperature. 
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The  condition  of  the  Plant  nbich  has  attained  a  more  ad- 
▼maced  stage  of  iu  development,  differs  from  that  of  the  ger- 
minatiag  embryo  esaeatially  in  this  particular,  that  the  organic 
compounds  which  it  requires  as  the  materiata  of  the  exteosioD 
of  the  tabric  are  formed  by  itself,  instead  of  being  supplied  to 
it  from  without.  The  tissues  of  the  coloured  surfaces  of  the 
leaves  and  stems,  when  acted  on  by  light,  have  the  peculiar 
power  of  generating — at  lie  expense  of  carbonic  acid,  water, 
and  ammonia — vorioua  ternary  and  quaternary  organic  com- 
pounda,  such  as  chlorophyll,  starch,  oil,  and  albumen  ;  and  of 
■■the  compounds  thus  generated,  some  are  appropriated  by  the 
constructive  force  of  the  plant  (derived  from  the  heat  with 
which  it  is  supplied)  to  the  formation  of  new  tissues ;  whilst 
others  are  stored  up  in  the  cavities  of  those  tissues,  where 
they  ultimately  serve  either  for  the  evolution  of  parts  subse- 
quently developed,  or  for  the  nutrition  of  aainials  which  em- 
ploy thcffk  OS  .food.  Of  the  source  of  those  peculiar  affinities 
by  which  the  components  of  the  starch,  albumen,  &e.,  are 
brought  together,  we  have  no  right  to  speak  confidently ;  but 
looking  to  the  fact  that  these  compounds  are  not  produced  in 
any  cose  by  the  direct  union  of  their  elements,  and  that  a  de- 
composition of  binary  compounds  seems  to  he  a  necessary 
antecedent  of  their  formation,  it  is  scarcely  improbable  that, 
as  BUggest«d  by  Prof.  Lo  Conte  (op.  cil.),  that  sourcu  is  to  be 
found  in  the  chenucal  forces  set  free  in  the  preliminary  act  of 
decomposition,  in  wliich  the  elements  would  be  liberated  in 
that  "  nascent  condition"  which  is  well  known  to  be  one  of 
pecnliar  energy. 

The  influence  of  Light,  then,  upon  Vegetable  organism  ap- 
pears to  he  essentially  exerted  in  bringing  about  what  may  bo 
considered  a  higher  mode  of  chemical  combination  between 
osygen,  hydrogen,  and  carbon,  with  the  addition  of  nitrogen 
in  certain  cases  ;  and  there  is  no  evidence  that  it  extends  be- 
yond this.  That  the  appropriation  of  the  materiab  thus  pre- 
pared, and  their  conversion  into  organized  tissoe  in  the  opera* 
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tions  of  growth  and  derelopment,  are  dependent  on  Hie  •geacy 
of  Heat,  is  josi  as  erident  in  the  stage  of  uiatmitj  as  in  tkal 
of  germination.  And  there  is  leaaon  to  believe,  fnrtker,  diat 
an  additional  Bonroe  of  organizing'  foree  is  to  be  foond  in  the 
retrograde  metamorphoeis  of  organic  compounds  that  goes  on 
during  the  whole  life  of  the  plant ;  of  which  metamorphosii 
the  expression  is  famished  by  the  prodnction  of  carbonic'acidi 
This  is  pecnliaiij  remarkable  in  the  case  of  the  Fwngi^  wiudi, 
being  incapable  of  forming  new  compounds  under  the  inftn- 
ence  of  light,  are  entirely  supported  by  the  organic  matters 
they  absord,  and  which  in  this  respect  correspond  on  the  one 
hand  with  the  germinating  embryo,  and  on  the  other  with 
Animals.  Such  a  decomposition  of  a  portion  of  the  absorbed 
material  is  the  only  conceivable  source  of  the  large  quantity 
of  carbonic  acid  they  are  constantly  giving  out ;  and  it  would 
not  seem  unlikely  that  the  force  supplied  by  this  retrograde 
metamorphosis  of  the  superfluous  components  of  their  food, 
which  fall  down  (so  to  speak)  from  the  elevated  plane  of  ^^prox- 
imate principles,"  to  the  lower  level  of  comparatively  simple 
binary  compounds,  supplies  a  force  which  raises  another  por- 
tion to  the  rank  of  living  tissue,  thus  accounting  in  some  de- 
grec  for  the  very  rapid  growth  for  which  this  tribe  of  Plants 
is  so  remarkable.  This  exhalation  of  carbonic  acid,  however, 
is  not  peculiar  to  Fungi  and  germinating  embryos,  for  it  takes 
place  during  the  whole  life  of  flowering  plants,  both  by  day 
and  by  night,  in  sunshine  and  in  shade,  and  from  their  green 
as  well  as  from  their  dark  surfaces ;  and  it  is  not  improbable 
that,  as  in  the  case  of  the  Fungi,  its  source  lies  partly  in  the 
organic  matters  absorbed,  recent  investigations  *  having  ren- 
dered it  probable  that  Plants  really  take  up  and  assimilate 
soluble  Aumt<5,  which,  being  a  more  highly  carbonized  sub- 
stance than  starch,  dextrine,  or  cellalose,  can  only  be  con- 

*  See  the  Memoir  of  M.  Risler,  '*  On  the  Absoiption  of  Hmniis,"  in 
tiie  ''BibUothbque  UniTeraeUe,"  N.  &,  1858,  torn.  L,  p.  806. 
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Wrted  into  componnds  of  the  latter  kind  by  parting  with  Bome 
of  its  carbon.  But  it  may  also  lake  place  at  the  expenBo  of 
compoundg  prcTiously  generated  by  the  plant  itself,  and  stored 
np  in  it3  tissues ;  of  which  we  seem  to  have  an  example  in 
tbe  unusoal  production  of  carbonic  acid  which  takes  place  at 
tbe  period  of  flowering,  especially  in  such  plants  as  bare  a 
fleshy  disk,  or  receptacle  cont&ining  a  large  quantity  of  starch  ; 
and  thus,  it  may  be  surmised,  an  extra  supply  of  force  is  pro- 
vided for  the  maturation  of  those  generative  products  whose 
preparation  seems  to  be  the  highest  expression  of  the  vital 
■er  of  the  vegetable  organism. 

The  entire  aggregate  of  organic  compounds  contained  in 
vegetable  tissues,  then,  may  be  considered  aa  the  expres- 
sion, not  merely  of  a  certain  amount  of  the  mattrial  elemeols, 
oxygon,  hydrogen,  carbon,  and  nitrogen,  derived  (directly  or 
indirectly)  from  the  water,  carbonic  acid,  and  ammonia  of  the 
atmosphere,  bat  also  of  a  certain  amount  of  /oree  which  baa 
been  exerted  in  raising  these  from  the  lower  plane  of  simple 
binary  compounds,  to  llie  higher  level  of  complex,  "  proxi- 
mate principles ;"  whilst  the  portion  of  these  actually  converted 
into  organized  tissue  may  be  considered  as  the  expression  of 
a  further  measure  of  force,  which,  acting  under  (he  directive 
agency  of  the  germ,  lias  served  to  build  up  tbe  fabric  in  ila 
characteristic  type.  This  corufrudive  action  goes  on  during 
tbe  whole  Life  of  the  Plant,  which  essentially  manifests  ilaelf 
either  in  the  extension  of  the  original  fabric  (to  which  in 
many  instances  there  seems  no  determinate  limit),  or  in  the 
production  of  the  germs  of  new  and  independent  organisms. 
It  is  interesting  to  remark  that  the  development  of  the  more 
permanent  parts  involves  the  successional  decay  and  renewal 
of  parts  whose  existence  is  temporary.  The  "  fall  of  the 
leaf"  is  the  effect,  not  tbe  cause,  of  tbe  cessation  of  that  pe- 
culiar functional  activity  of  its  tissues,  which  consists  in  the 
elaboration  of  tbe  nutritive  material  required  for  the  produo- 
don  of  wood.     And  it  would  seem  aa  if  the  duration  of  their 
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The  decay  which  is  continnaHj  going  on  during  the  life 
of  Et  FlBDt  restores  (o  the  inorganic  world,  in  the  form  of  ca^ 
bonic  Dcid,  tvater,  and  ammonia,  a  part  of  the  materials  drawn 
from  it  in  the  act  of  vegetation  ;  and  a  reservation  being  made 
of  thoBe  vegetable  products  which  are  consumed  as  food  by- 
Animals,  or  'which  are  preserved  (like  timber,  flax,  cotton, 
&c.)  in  ft  state  of  permanence,  the  various  forms  of  decom- 
position which  take  place  after  death  complete  that  restora- 
tion. But  in  rettiming,  however  slowly,  to  the  condition  of 
water,  carbonic  acid,  ammonia,  &c..  the  constituents  of 
Plants  give  forth  an  amount  of  heat  equivalent  to  that  which 
they  would  generate  by  the  process  of  ordinary  combustion  ; 
and  thus  they  restore  to  the  inorganic  world,  not  only  the  ma- 
teriatt,  but  the  forces,  at  the  expense  of  which  the  vegetable 
fabric  was  constructed.  It  is  for  the  most  part  only  in  tbe 
humblest  Plants,  and  in  a  particular  phase  of  their  lives,  that 
each  a  restoration  takes  place  in  the  form  of  Tnotion,  this  mo- 
tion  being,  like  growth  and  development,  an  expression  of  the 
vital  activity  of  the  "Zoospores"  of  Algce,  and  being  ob- 
viously intended  for  their  dispersion. 

Hence  we  seem  justified  in  affirming  that  the  Correlation 
between  heat  and  the  denizing  force  of  Plants  is  not  leas 
intimate  than  that  which  eiislH  between  heat  and  motion. 
The  special  attribute  of  tbe  vegetable  germ  is  its  power  of 
utilizing,  afUr  its  own  particular  fashion,  the  heat  which  It 
receives,  and  of  applying  it  as  a.  constructive  power  to  the 
building-up  of  its  fabric  after  its  characteristic  type. 


^■F'l^^i"  or  ranmu.  ako  txul  mmm. 

Bntenee  Manda  n  as  tanne  lado  to  tbe  eoeifj'  «f  Uwir  bc- 
n;  ihcleaTMof  "evergrBCBg,''  iriudk  we  not  «st  offnndl 
a  afipeanikoe  of  «  new  mooeanon,  eflecting  their  fbactaoml 
taagu  at  •  wiaA  kas  rapid  rate  thaa  do  those  of  "  ded- 
tom"  trees,  vfaoM  term  of  life  is  Ear  more  brief. 
Xbna,  the  final  cause  or  poipoae  of  the  wiM>le  Vital  Activ- 
ii^  of  the  Plant,  so  Ikr  as  the  individual  is  coocemed,  is  to 
jrodnoe  aa  indefinite  extension  of  the  dense,  woodT,  almost 
Ibert,  bat  permanent  portions  of  the  fabric,  br  the  Rtoceasioiaal 
fcrelopmeat,  decay,  and  renewal  of  ib«  8oA,  aetire,  and  trai^ 
»Mtor7  cellular  par«ncbrma ;  and  accordin"  to  the  priadples 
■Ireadif  stated,  the  descent  of  a  portioa  of  the  materials  of  the 
latter  to  the  condition  of  binary  compounds,  which  is  mani- 
fested in  the  largely-increased  exhalation  of  carbonic  add 
tttat  takes  place  &om  the  leaver  in  the  later  part  of  the  m«> 
tea  to  the  aid  of  external  Heat  in  supplying  tbe  ibrea 
hf  which  another  portion  of  those  materials  is  raised  to  the 
condition  of  or^niied  tissnc.  The  rital  activity  of.  the 
flant,  however,  is  fnrther  manifested  in  the  proriaion  made 
■  the  propagation  of  its  race,  by  the  production  of  the 
germs  of  new  individuals  ;  and  here,  again,  we  observe  thai 
irhilst  a  higher  temperature  is  usually  required  for  the  derel- 
iqmient  of  the  flower,  and  the  maturation  of  the  seed,  than 
that  which  suffices  to  sustain  the  ordinaiy  processes  of  vege- 
tation, a  special  provision  appears  to  be  made  in  some  in- 
atances  for  the  evolution  of  force  in  the  seroal  appamius  iu 
■elf,  by  the  retrograde  metamorphosis  of  a  portion  of  the  oi^ 
;  componnds  prepared  by  the  prerions  nntritiTe  oper»> 
This  seems  the  nearest  approach  presented  in  the 
Vegetable  organism,  to  what  we  shall  find  to  be  an  ordinary 
mode  of  activity  in  the  Animal.  That  the  performance  of 
the  generative  act  involves  an  extraordinary  expenditure  of 
■  vital  force  appears  from  this  remarkable  fact,  that  blossoms 
which  wither  and  die  as  soon  as  the  ovules  have  been  fertil* 
i        tnay  be  kept  fresh  for  a  long  period  if  fertilization  be 
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t  decay  vhich  is  continually  going  on  during  the  life 
n  Plant  restores  to  the  inorganic  worid,  in  tlie  form  of  cai^ 
nic  acid,  water,  and  ammonia,  a  part  of  the  materials  drawn 
from  it  in  the  act  of  vegetation  ;  and  a  rcserralioa  being  made 
of  those  vegetable  products  which  are  couauined  as  food  by 
Animals,  or  which  are  preserved  (like  timber,  flat,  cotton, 
&c.)  in  a  stale  of  permanence,  the  various  forms  of  decom- 
position which  lake  place  after  death  complete  that  restora- 
tion. But  in  reluming,  however  slowly,  to  the  condition  of 
water,  carbonic  acid,  ammontn,  &c.,  Ihe  cousliluenls  of 
Plants  give  forth  an  amount  of  heat  equivalent  to  that  which 
they  would  generate  by  the  process  of  ordinary  combustion ; 
and  Ihna  they  restore  to  the  inorganic  world,  not  only  tbe  ma- 
terials, but  the  forcfs,  at  ihe  expense  of  which  the  vegetable 
fabric  was  constructed.  It  is  for  Ihe  moat  part  only  in  the 
humblest  Plants,  and  in  a  particular  phase  of  their  lives,  that 
such  a  restoration  takes  place  in  the  form  of  mod'on,  this  mo- 
tion being,  like  growth  and  development,  an  expressioQ  of  the 
vital  activity  of  the  "Zoospores"  of  Algce,  and  being  ob- 
vionsly  intended  for  their  dispersion. 

Hence  we  seem  justified  in  aSirming  that  the  Correlation 
between  heat  and  the  organizing  force  of  Plants  is  not  less 
intimate  than  that  which  exists  between  heat  and  motion. 
The  special  attribute  of  the  vegetable  germ  is  its  power  of 
QtSiEing,  at\er  its  own  particular  fashion,  the  heat  which  it 
receives,  and  of  applying  it  as  a  constructive  power  to  the 
bnOding-up  of  its  fabric  after  its  characteristic  type. 
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Thoss  of  oar  mden  who  acoompaiiied  ub  Haooijk,  tfai 
first  pari  of  our  inqnirj  are  aware  lliat  it  was  our  oljaet  to 
show,  that  as  force  is  never  lod  in  the  inocgame  W(ncU1»  so 
feroe  is  never  created  in  the  mrganic;  hot  that  those  Tarioiis 
operations  of  vegetable  life  whidi.  are  sonwitiiiiBB  vagps^ 
attributed  to  the  agency  of  an  occolt  ^^vital  prindple,"  and 
are  referred  by  more  exact  thinkers  to  certain  Vital  Faroes 
inherent  in  the  organism  of  the  plant,  are  really  sostained  tj 
solar  light  and  heat.  These,  we  have  argued,  sni^j  to 
each  germ  the  whole  power  by  which  it  builds  itself  up,  at  the 
expense  of  the  materials  it  draws  from  the  Inoi^ganic  Unt 
verse,  into  the  complete  organism ;  while  the  mode  in  which 
that  power  is  exerted  {generally  as  vital  force,  epedaUy  as 
the  determining  cause  of  the  form  peculiar  to  each  type)  de- 
pends upon  the  ^^ germinal  capacity"  or  directive  agency  inher- 
ent in  each  particular  germ.  The  first  stage  in  this  construc- 
tive operation  consists  in  the  production  of  certain  organic 
compounds  of  a  purely  chemical  nature— such  as  gum,  starch, 
sugar,  chlorophyU,  oil,  and  albumen — ^t  the  expense  of  the 
oxygen,  hydrogen,  carbon,  and  nitrogen  derived  from  the 
water,  carbonic  acid,  and  ammonia  of  the  atmosphere; 
whilst  the  second  consists  in  the  further  elevation  of  a  portion 
of  these  organic  compounds  to  the  rank  of  organised  tissue 
possessing  attributes  distinctively  vital.  Of  the  whole  amoont 
of  organic  compounds  generated  by  the  plant,  it  is  bat  a 
comparatively  small  part  (a)  that  undergoes  this  progreseive 
metamorphosis  into  living  tissue.  Another  small  proportion 
(b)  undergoes  a  retrograde  metamorphosis,  by  which  the  orig- 
inal binary  components  are  reproduced ;  and  in  this  descent 
of  organic  compoonds  to  the  lower  plane,  the  power  odd* 
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mmed  ia  their  elevation  is  given  forth  in  the  form  of  heat 
and  or^nizing  force  (a«  is  spcdaUj  seen  in  germination), 
vhicb  help  to  raise  the  portion  a  to  a  higher  level.  But  by 
far  tUe  larger  part  (c)  of  the  organic  compoundfl  generated 
by  plants  remains  stored  up  in  thoir  fabric,  wittiout  undergo- 
JDg  any  further  elevation  ;  and  it  is  at  the  cspenso  of  these, 
rather  than  of  the  actual  tissues  of  plants,  that  the  life  of 
Bnimals  is  sustained. 

When,  instead  of  yielding  up  any  portion  of  its  substance 
for  the  snstenance  of  animals,  the  eatlre  vegetable  organism 
trndergoes  retrograde  metamorphosis,  it  not  only  gives  back 
to  the  inorganic  world  the  binary  compounds  from  which  it 
derived  its  own  constituents,  hut  in  the  descent  of  the  several 
components  of  iis  fabric  to  that  simple  condition — whether  by 
ordinary  combustion  (aa  in  the  burning  of  coal)  or  by  slow 
decay — it  gives  out  the  equivalents  of  the  light  and  heat  by 
which  they  were  elevated  in  the  first  instance. 

In  applying  these  views  to  the  interprelation  of  the  phe 
nomena  of  animal  life,  we  find  ourselves,  at  the  commence- 
ntent  of  our  inquiry,  on  n  higher  platform  (so  to  speak)  than 
that  from  which  we  had  to  ascend  in  watching  the  construc- 
tive processes  of  the  plant.  For,  whilst  the  plant  had  first 
to  prepare  the  pabulum  for  its  developmental  operations,  Ifaa 
animal  has  this  already  provided  for  it,  not  only  at  the  ear- 
liest phase  of  i(s  developmenl,  but  during  the  whole  period 
of  its  existence ;  and  all  its  manifeslations  of  vital  activity 

dependent  upou  a  constant  and  adequate  snpply  of  the 
paialum.  The  first  of  these  manifestations  is,  as  in  the 
plant,  the  building-up  of  the  organism  by  the  appropriation 
of  material  supplied  trom  external  sources  under  the  directive 
agency  of  the  germ.  The  ovum  of  Ilie  animal,  like  the  seed 
of  the  plant,  contains  a  store  of  appropriate  nutriment  pre- 
viously elaborated  by  the  parent ;  and  this  store  suffices  for 
the  development  of  the  embryo,  up  to  the  period  at  which  it 
can  obtain  and  digest  alimentary  materiaU  for  itoelfl    That 
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Tbeeg^  baring  b 
tartSm  Mb4  to  ^k4  sb  aniple  supply  of  a|niiu|iii1u 
•  (tftaa  of  4»  fcwli  Hy,  Ibr  example,  bciog  laid  is 
.  b4  tiMB  af  Ac  e«M»g»-biuUgi  fli  ttpoa  >  aibhage- 
A  bvvK  •■  fa  LiuLiriuu  is  as  wd!  provided  witli  olt- 
■■tonlaa  Vilbadbwafitnushed  with  a  large  enp- 
i  jdk  of  to  owB ;  and  br  svailittg  ilsdf  of  this,  it 
I  *»  HBi^  hiJigd  or  preD  maof  thonsand 
I  making  anj  considerable  sd- 
BHhsTinjtfana  bud  up  in  its  tissncaa 
1BN9  into  a  state  which, 
I  of  life  are  concerned, 
I  of  taryor,  h^  wUcfa  is  really  one  of  great  derelop- 
il  Bietnilj- :  fiw  it  ia  daring  the  ptijm  slate  that  those  new 
•  vntred,  wUtk  are  characteristic  of  the  perfect  in- 
1  «f  wUd)  Kmrtdj  a  trace  was  dtscorBrable  in  flu 
a  of  fliis  state  may  be  Itkened  in 
>  •  retetranoe  of  the  larva  into  the  ovum. 
1  imago  or  perfect  insect  comes  forth 
t  ita  puts,  and  soon  manifests  the  locomotiT« 
I  fay  whid  it  is  specially  distingnished, 
y  predominaoce  seems  to  jus- 
t  ftinela  aa  the  typea  of  pnrefy  animal  K6, 
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^  There  are  aome  insects  whose  imago-life  has  but  a  very  ihort 
duration,  tbe  performance  of  the  generative  act  being  appar- 
ently the  only  object  of  this  slate  of  their  existence :  and  such 
for  the  most  part  take  no  food  whatever  after  their  final  emer- 
eion,  their  vital  activity  being  maintained,  for  the  short  period 
it  endnres,  by  the  material  assimilated  daring  their  larva 
_  state."  But  those  whose  period  of  activity  ia  prolonged,  and 
1080   energy  there   are  estraordinary  demands,  are 

ircely  less  voracious  in  their  imago  than  in  their  larva- 

indition ;  the  food  they  consume  not  being  applied  to  the 
e  of  their  bodies,  which  grow  very  little  after  the  as- 

mption  of  the  iioago-atale,  but  chiefly  to  their  maintenance ; 

>  inconsiderable  portion  of  il,  however,  being  appropriated 
in  tlie  female  to  the  production  of  ova,  the  entire  mass  of 
which  deposited  by  a  single  individual  is  sometimes  enormous. 
That  the  performance  of  the  generative  act  involvca  not 
merely  a  consumption  of  material,  but  a  special  expenditure 
of  force,  appears  from  a  fact  to  be  presently  slated,  corre- 
sponding to  that  already  noticed  in  regard  to  plants. 

Now  if  we  look  for  the  source  of  the  various  forms  of 
vital  force — which  may  be  distiaguisheil  as  conslruclive, 
seusori-motor,  and  generative — that  arc  manifested  in  the  dif- 
ferent stages  of  the  life  of  an  insect,  we  find  them  to  lie,  on 
the  one  hand,  in  the  heat  with  which  the  organism  ia  sup* 
plied  from  external  sources,  and,  on  the  oilier,  in  the  food 
provided  for  il.  The  agency  of  heat,  as  the  moving  power 
of  the  coaslrudive  operations,  is  even  more  distinctly  sbowu 
in  the  development  of  the  larva  within  the  egg,  and  in  the 
development  of  the  imago  within  its  pupa-case,  than  it  is  in 

■  It  Is  not  a  little  curious  thiit  in  the  tribe  of  Soa/rra,  or  Wbeet«iu- 
malcnlefl,  ill  tbo  males  jet  •^scovered  nre  eutirelf  destitute  of  digesliTe 
•ppaimUis,  and  ire  thaa  iavapable  of  Ukiag  my  food  whateier  ;  so  Ibst  not 
oiJj  the  whole  of  their  devdopmcnt  within  the  egg,  but  the  whole  of  tbdr 
active  life  after  their  emersion  5™n  it,  is  cttriei  OH  st  the  expenie  of  the 

r«  of  ^rollt  provided  by  the  parent. 
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A»  germiniliiig  aaads  Hm  rate  of  Mok  of  IfcoM 
boing  ftsrietlj  regykted  bf  the  tan^MBtofo  to  ulnah  Oo 
ovganim  is  solitjeeted.  Tlnw  ora  ivlMi  on  im^amtOjmf^ 
hatflhod  mill  the  Imtos  soitaUft  Ibr  the  ftpod  of  ikdr  larm 
}mr&  been  pot  forth,  mey  be  made,  by  artifidal  beet,  topso* 
dnee  a  brood  in  the  irmter ;  whilflt,  on  the  other  bend,  if  they 
be  kept  at  a  low  temperaloie,  their  hatching  may  be  retaided 
almoei  indefinitely  widKint  the  deefawietion  of  their  Wlaliftf • 
Hie  aame  is  true  of  ihe  papa  state ;  end  it  it  xemailDaUe  that 
during  Ihe  latter  part  of  that  state,  in  whidi  the  developnenftd 
pvooess  goes  on  with  eztraovdinaiy  rapidity,  there  is  in  eor* 
tain  insects  a  qiecial  prorisionlbr  an  eleratioii  of  the  tsm* 
peratore  of  the  embr3ro  by  a  process  resembling  inedbation. 
Whether,  in  addition  to  the  heat  imparted  from  withoot,  there 
is  any  addition  of  force  developed  within  (as  in  the  germinat* 
ing  seed)  by  the  retam  of  a  part  of  the  organic  constxtnents 
of  the  food  to  the  condition  of  binary  oomponnds,  cannot  at 
present  be  stated  with  confidence:  the  probability  is,  how- 
ever, that  such  a  retrograde  metamorphosiB  does  take  place, 
adequate  evidence  of  its  occurrence  during  the  inciibati<m  of 
the  bird's  egg  being  afibrded  by  the  liberation  of  caibonic 
add,  which  is  there  found  to  be  an  essential  condition  of  the 
developmental  process.  During  the  larvarstate  there  is  very 
little  power  of  maintaining  an  independent  temperatnre,  so 
that  the  sustenance  of  vital  activity  is  still  mainly  doe  to 
the  heat  supplied  from  without.  But  in  the  active  state  of  the 
perfect  insect  there  is  a  priducUon  of  heat  quite  oomparsble 
to  that  of  warm-blooded  animals ;  and  this  is  effected  by  the 
retrograde  metamorphosis  of  certain  organic  constitoenta  of 
the  food,  of  which  we  find  the  expi^ession  in  the  exhalation  of 
carbonic  acid  and  water.  Thus  the  food  of  animals  becomes 
an  internal  source  of  heat,  which  may  render  them  independ- 
ent of  external  temperature. 

Further,  a  like  retrograde  metamcMrphosis  of  certain  eon* 
stituents  of  the  food  is  the  source  of  that  iensorf-moCor  jMiPsr 
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lA  a  the  pecoliar  characteristic  of  the  amm&l  organism ; 
Jbr  on  the  one  hand  the  dcmanil  for  food,  on  the  other  ihe 
amount  of  metamorphosis  indicated  by  the  quantity  of  car- 
bonic acid  exhaled,  bear  a  very  close  relation  to  the  quantity 
of  that  power  which  is  put  fortli.  This  rehition  is  peculiarly 
Biftoifeat  in  insects,  since  tlieir  conditions  of  actirity  and  re- 
^yoee  present  a  greater  contrast  in  their  respective  rates  of 
Bietamorphosis.  than  do  those  of  any  other  Dnimola.  Of  the 
exercise  of  generalivf.  force  we  linve  no  similar  measure ;  but 
that  it  is  only  a  special  modification  of  ordinary  vital  aclivity 
appears  from  this  circumBtance,  that  the  life  of  those  insecia 
which  ordinarily  die  very  soon  aAer  sexual  congress  and  the 
deposition  of  the  ova,  may  be  considerably  prolonged  if  the 
sesee  be  kept  apart  bo  that  congress  cannot  take  place. 
Moreover,  it  has  been  shown  by  recent  inquiries  into  th« 
agamic  reproduction  of  insects  and  other  animals,  that  the 
process  of  generation  differs  fnr  leas  from  those  reproductive 
which  must  be  referred  to  the  category  of  the  ordinary 

'itive  processes,  than  had  been  previously  aappomd. 

Thns,  then,  Fe  find  that  in  the  animal  organism  the  de- 
'Aand  for  food  lias  reference  not  merely  to  ita  use  as  a  nate- 
Wol  for  the  coDstruotion  of  the  fabric ;  food  serves  also  as  a 
generator  o{  /orce;  and  this  force  may  be  of  various  kinds^ 
heat  and  motor-power  being  Ihe  principal  but  by  no  means 
the  only  modes  under  which  it  manifests  itself.  "We  shall 
now  inquire  what  (here  is  peculiar  in  the  sources  of  the  vital 
finve  which  animates  the  organisms  of  the  higher  animals  at 
difiercnt  stages  of  life. 

That  the  dcveloproontal  force  which  occasions  the  evolo- 
tion  of  the  germ  in  the  higher  vertebrata  is  really  supplied 
hj  the  beut  to  which  the  oVum  is  aabjcctcd,  may  be  regarded 
M  a  lact  established  beyond  oil  question.  In  frogs  and 
other  amphibia,  which  have  no  special  means  of  impai-ting  a 
high  temperature  to  their  eggs,  the  rate  of  development  (which 
in  the  early  stages  can  be  readily  determined  with  great  exact- 
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i>  it  «nlue^  govened  l^Oe  d^gvte  of  mnatik  tC^  «iM 
the  omm  is  solitjeeted.  But  in  anrpflnte  dien  h  a  paariks. 
pnmsioii  for  sappiyiiig  keat;  the  ftmale  imrfiirining  a  knil 
q£  ineabfttum  upon  her  eggs,  and  goiflniliDg  m  her  own  bod^ 
a  lemperakiire  much  ebove  that  of  the  wanouttSag  air.*  Jbi 
bhrda,  the  developmeatal  prooeie  can  cmly  be  maintaiaed  If 
4he  ateadj  applicalioii  of  external  warmth,  and  thia  to  a  de- 
gree much  higher  than  that  which  ia  needed  in  the  caae  of 
coldrbkxKled  animalu ;  and  we  ma j  notice  two  raeiiltB  of  this 
application  as  yery  significant  of  the  dynamical  relation  be* 
'  tween  heai  and  developmental  fixree— first,  that  the  period 
reqoired  for  the  evolution  of  the  germ  into  the  mature  enibrfo 
is  nearly  constant,  each  species  having  a  definite  period  of 
incobation— and  second,  that  the  grade  of  development  at- 
tained by  the  embryo  before  its  emersion  is  relatively  mndi 
higher  than  it  is  in  cold-blooded  vertebrate  generally;  the 
only  instances  in  which  any  thing  like  the  same  stage  is  at- 
tained without  a  special  incubation,  being  those  in  which  (as 
in  the  turtle  and  crocodile)  the  eggs  are  hatched  under  the 
influence  of  a  high  external  temperature.  This  higher  devel- 
opment  is  attained  at  the  expense  of  a  much  greater  oonsnmp- 
tion  of  nutrient  material ;  the  store  laid  up  in  the  ^^  food  j€Xk" 
and  ^^  albumen"  of  the  bird's  egg,  being  many  times  greater 
in  proportion  to  the  size  of  the  animal  which  laid  it,  than  that 
contained  in  the  whole  egg  of  a  firog  or  a  fish.  There  is 
evidence  in  tl^t  liberation  of  carbonic  acid  which  has  been 
ascertained  to  go  on  in  the  egg  (as  in  the  germinating  se^) 
during  the  whole  of  the  developmental  process,  that  the  retmn 
of  a  portion  of  the  organic  substances  provided  fi>r  the  soste- 

*  In  the  Viper  the  eggs  are  usually  retained  within  the  oridnct  until 
they  are  hatched.  In  the  Python,  which  recently  went  through  the  proeeM 
of  incnbation  in  the  Zoological  Gardens,  the  eggs  were  imbedded  in  the 
coils  of  the  body;  the  temperatore  to  which  they  were  snbjeeted  (as  tacep> 
talned  by  a  thennometer  placed  in  the  midst  of  them)  aT«n^;iQg  00^  F., 
whilst  that  of  the  cage  aTeraged  60^  F. 


n&Dce  of  the  embryo,  to  the  condition  of  simple  binorj'  com- 
pounds,  ia  an  essential  condition  of  the  process  ;  aad  since  it 
can  scarcely  be  supposed  that  the  object  of  this  melftmor- 
pbosb  can  be  to  furnish  heat  (an  ample  supply  of  that  force 
being  afforded  by  the  body  of  the  parent),  it  eoems  not  un- 
likely that  ita  purpose  ia  to  supply  a  force  that  concors  with 
the  beat  received  from  without  in  maintaining  the  process  of 
organiiaiion. 

The  development  of  the  embryo  within  the  body,  in  the 
mammalia,  imparts  to  it  a  steady  temperature  equiTalent  Xa 
that  of  the  parent  itself;  and  in  all  save  the  inplacental  or- 
ders of  this  class,  that  development  is  carried  still  fnrther 
than  in  birds,  the  new-bom  manunal  being  yet  more  com- 
plete in  all  its  parts,  and  ita  size  bearing  a  larger  proportion 
to  that  of  its  parent,  than  even  in  birds.  It  is  doubtless  ow- 
ing in  great  part  ia  the  constancy  of  the  temperature  to  whlqh 
the  embryo  is  subjected,  that  its  rate  of  development  (aa 
shown  by  the  fixed  term  of  utero-geslation)  is  so  uniform. 
The  supply  of  organizable  material  here  afforded  by  the  ovnm 
itflelf  is  very  small,  and  suffices  only  for  the  very  earliest 
stage  of  the  constructive  process ;  but  a  special  provision  is 
very  soon  made  for  the  nutrition  of  the  embryo  by  materials 
directly  supplied  by  the  parent ;  and  the  imbibition  of  these 
takes  the  place,  during  the  whole  remainder  of  fcctal  life,  of 
the  appropriation  of  tbe  materials  supplied  in  the  bird's  egg 
by  the  "food  yolk"  and  "albumen."  To  what  extent  a  retro- 
grade metamorphosis  of  nutrient  material  takes  place  in  the 
fiBtal  mammal,  wo  have  no  precise  means  of  determining ; 
since  the  products  of  that  metamorphosis  are  probably  for  the 
most  part  imparted  (through  the  placental  circulation)  to  the 
1  of  the  mother,  and  got  rid  bf  through  her  excretory 
But  sufficient  evidence  of  such  a  metamorphosis 
S  afforded  by  tbe  presence  of  urea  in  the  amniotic  fluid  and 
of  biliBry  matter  in  the  intestines,  to  make  it  probable  that  it 
takes  place  not  less  actively  (to  say  the  least)  in  the  foetal 
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mal  than  it  does  in  tbe  chick  in  ovo.  Indeed,  it  is  im- 
]>0Mible  to  study  the  growth  of  &ay  of  the  hi^er  orgKoisms — - 
which  not  merely  consists  in  the  formation  of  new  [mrls,  bat 
miao  involves  a  vast  amount  of  interstitial  change — without 
perceiving  that  in  the  remodelling  which  is  inceesanilj  going 
on,  the  partA  first  formed  moat  be  removed  to  make  way  for 
those  which  have  to  take  their  place.  And  snch  removal  can 
scarcely  be  accomplished  without  a  retrograde  mctamorphosii, 
which,  as  in  the  numerous  cases  already  referred  to,  may  be 
considered  with  great  probability  as  setting  free  constmetiTe 
force  (o  be  applied  in  the  production  of  new  tissue. 

If,  now,  we  pass  on  from  the  intnt-uterine  life  of  the 
mammalian  organism  to  that  period  of  its  csisteoce  which 
intervenes  between  birth  and  maturity,  we  see  that  a  tempo- 
rary provision  is  made  in  the  acts  of  lactation  and  nursing 
for  afibrding  both  food  and  warmth  to  the  young  creature, 
which  is  at  first  incapable  of  adequately  providing  itself  with 
aliment,  or  of  resisting  external  cold  without  fostering  aid. 
And  we  notice  that  the  offspring  of  man  remains  longer  de- 
pendent upon  parental  care  than  that  of  any  other  mammal, 
in  accordance  with  the  higher  grade  of  development  lo  be 
ultimately  attained.      But  when  the  period  of  infancy  has 
passed,  the  child  is  adequately  supplied  with  food,  and  is  pro- 
tected by  the  clothing  which  makes  up  for  the  deficiency  of 
other  tegumentary  covering,  ought  to  be  able  to  maintain  !ta 
own  heat,  save  in  an  extremely  depressed  temperature  ;  and 
this  it  does  by  the  metamorphosis  of  oi^nic  substances,  partly 
derived  from  its  own  fabric,  and  partly  supplied  directly  by 
the  food,  into  binary  compounds.     During  the  whole  period 
of  gnuvth  and  development,  we  find  the  producing  power  at 
L        its  highest  point ;  the  circulation  of  blood  being  more  rapid, 
^t        and  the  amount  of  carbonic  acid  generated  and  thrown  off 
H       being  much  greater  in  proportion  to  the  bulk  of  the  body, 
H       than  at  any  subsequent  period  of  lifb.     Wo  find,  loo,  in  tho 
Hr-     Urge  amount  of  other  excretiooa,  the  evidence  of  a  ncfSd 
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wrphosis  of  tJasue ;  and  it  caa  hardly  be  qucsUonQd  (if 
our  general  doctrines  be  well  foundod)  that  the  constructiva 
force  that  operates  in  the  completion  of  tbe  fabric  will  be  de- 
rived ia  part  from  llic  heat  bo  lai^dy  generated  by  chemiral 
change,  and  in  part  from  the  desceat  wiiicb  a  portion  of  ihe 
labric  itself  ia  coutinutdly  making  from  the  higher  plane  of 
organized  tissue  to  the  lower  plane  of  dead  matter.  This 
bigh  measure  of  vital  activity  cart  only  be  sustained  by  an 
ample  supply  of  food ;  whieh  thus  supplies  both  material  for 
the  construction  of  llie  organism,  and  the  force  by  whose 
agency  that  construction  is  accomplished. 

How  completely  dependent  the  constructive  process  still  is 
upon  heat,  is  shown  by  the  phenomena  of  reparation  in  cold- 
blooded animals ;  since  not  only  can  the  rate  at  which  they 
take  place  be  experimentally  sbown  to  bear  n  direct  relation 
to  the  temperature  to  which  these  animals  ore  subjected,  but 
it  has  been  ascertained  that  any  extraordinary  act  of  repara- 
tion (such  as  the  reproduction  of  a  limb  in  the  salamander) 
will  only  be  performed  under  the  influence  of  a  temperature 
much  higher  than  that  required  for  the  maintenance  of  the 
ordinary  vital  activity.  After  the  maturity  of  the  organism 
has  been  attained,  there  is  no  longer  any  call  for  a  larger 
measure  of  constructive  force  than  is  required  for  the  mainten- 
ance of  its  integrity ;  but  there  seems  evidence  that  even  then 
the  required  force  has  to  be  supplied  by  a  retrograde  meto* 
morphosis  of  a  porlion  of  the  constituents  of  the  food,  over  and 
above  that  which  serves  to  generate  animal  heat.  For  it  has 
been  experimentally  found  that,  in  the  ordinary  life  of  an  adult 
mammal,  the  quantity  of  food  necessary  to  keep  the  body  in 
its  normal  condition  is  nearly  twice  that  which  would  be  r^ 
qoired  to  supply  the  "  waste  "  of  the  organism,  as  measured 
by  the  total  amount  of  excreta  when  food  is  withheld ;  and 
hence  it  seems  almost  certain  that  the  descent  of  a  portion  of 
the  organic  constituents  of  this  food  to  the  lower  level  of  sim- 
f  oompounda  is  a  necessary  condition  of  the  ela- 
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Thb  oonditioiis  of  ammal  ezisfeenoe,  moraofw,  imralf*  a 
oonstant  ezpenditore  of  mcior  finroe  Uurangli  ftMb  iatnuiMatriU 
itj  of  the  neiTO-miuealar  appazmtos ;  and  the  ezerdae  of  the 
pnrelj  ptyehieal  powers,  throagh  tEe  inatrmnentali^  of  die 
brain,  oonstitotes  a  finrUier  ezpenditiire  of  force,  ereik  vliea 
no  bodily  exerdon  is  mado  as  its  result.  We  have  now  to 
eonsider  the  conditions  nnder  which  these  feroea  are  dovet 
oped,  and  the  sonices  from  which  they  are  deriyed. 

The  doctrine  at  present  commonl j  reoeived  among  physi- 
ologists npon  these  po&ts  majbe  stated  as  fidlows  >— >11ie 
fbnctional  actiyitj  of  the  nerroos  and  mnscolar  apparatnses 
inyolyes,  as  its  necessary  condition,  the  disintegration  of  their 
tissues ;  the  components  of  which,  uniting  with  the  oj^gen 
of  the  blood,  enter  into  new  and  simpler  combinations,  whidi 
are  tdtimately  eliminated  from  the  body  by  the  excretory  opei^ 
ations.  In  such  a  retrograde  metamorphosis  of  tissue,  we 
have  two  sources  of  the  liberation  of  force : — first,  its  descent 
from  the  condition  of  living,  to  that  of  dead  matter,  invoMng 
a  liberation  of  that  force  which  was  originally  concerned  in 
its  organization;* — imd  second,  the  further  descent  of  its 
complex  organic  components  to  the  lower  plane  of  simple 
binary  compounds.  If  we  trace  back  these  forces  to  their 
proximate  source,  we  find  both  of  them  in  the  food  at  the 

•  It  was  by  liebig  (**  Animal  Chemifltry,"  18i2)  thai  the  doetrint  wai 
first  distinctly  promulgated  which  had  been  already  more  Tagoely  aiBmiod 
by  Tarious  Fhymologista,  that  every  production  of  motion  by  an  Animal 
inTolves  a  proportional  disintegration  of  mnscolar  substance.  But  he  neemi 
to  hare  regarded  the  motor  force  produced  as  the  expreesioii  only  of  iSb» 
Tttal  force  by  which  the  tissue  was  prerionaly  animated ;  and  to  have  lookad 
npon  its  disintegration  by  oxygenation  as  simply  a  oonsegnence  of  its  death. 
The  doctrine  of  the  **  Correlation  of  Forces*'  being  at  that  time  endefd- 
oped,  he  was  not  prepared  to  recognise  a  sonroe  of  motor  power  in  the  vlt^ 
rior  chemical  chaoges  which  the  substance  of  the  muscle  ondacgoei ;  M 
■oems  to  haye  regarded  them  as  only  oonoenied  in  the  psodnstloa  ef 
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tOqMOse  of  which  the  nnirool  organiBm  is  constructed ;  fot 
lieaides  BUpplying  the  mfllerial  of  the  tissues,  a  portion  of 
that  food  (aB  already  shown)  becomes  tlie  source,  in  its  relro- 
grade  metamorphosie,  of  tho  production  of  Llie  heat  which 
snppliea  the  coostructive  power,  whilst  another  portion  may 
«fib^,  hy  a  liku  descent,  a  yet  more  direct  supply  of  orgaor 
izing  force.  And  thus  we  find  in  the  actioa  of  solar  light 
and  heat  upon  plants— whereby  ihey  are  enabled  not  moroly 
to  extend  themselves  almost  without  limit,  but  also  to  occu' 
mulate  in  their  substance  a  store  of  organic  compounds  for 
the  consumption  of  animals — the  uUimate  source  not  only  of 
the  materials  required  by  animals  for  their  nutrition,  but  also 
of  the  forces  of  various  kinds  which  these  exert. 

Beceat  investigations  have  rendered  it  doubtAd,  however, 
whelher  the  doctrine  that  every  exertion  of  the  functional 
~  power  of  the  nervo-muacular  apparatus  involves  the  disinte- 
gration of  a  certain  equivalent  amount  of  tissue,  really  ex- 
presses the  whole  truth.  It  has  been  maintained,  on  the  basis 
of  care fully-conduc led  experiments,  iu  the  first  place,  that  the 
amount  of  work  done  by  an  animal  may  be  greater  than  can 
be  accounted  for  by  the  ultimate  metamorphoais  of  the  azo- 
tized  constituents  of  its  food,  theii  mechanical  equivalent 
being  estimatod  by  the  heat  producible  by  the  combuslion  of 
the  carbon  and  oxygen  which  they  contain  ;■  and  secondly, 
that  whilst  there  is  not  a  constant  relation  (as  afHrmed  by 
Liebig)  between  the  amount  of  motor  force  produced  and  the 
amount  of  disinlegration  of  muscular  tissue  represented  by 
the  appearance  of  urea  in  the  urine,  euch  a  constant  relation 
does  exist  between  the  development  of  motor  force  and  the 
increase  of  carbonic  acid  ia  the  expired  air,  as  shows  that 
between  these  two  phenomena  there  ia  a  roost  intimate  rela- 

•  Till*  view  hii3  Ijeen  eipresacd  lo  tlie  Butbor  bj  two  very  Ugh  »ntlior- 
itiea,  Prof.  Uelmholla  und  Prof.  William  Thomsun,  indepeiicienOy  of  taeb 
Other.  IU  u  tlmoet  iteceunrj  liifeieDce  fioiii  the  dala  fumubed  b;  th« 
egfoimatM  of  Or.  Joule. 
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tionship.*  And  the  ooncaneDoe  of  thefle  indepfliidnt  indioft* 
tioii»  leema  to  justify  the  inferfmcft  tliat  mioior  /oref  maj  lie 
dereloped,  like  heat,  by  the  metemorphotiie  of  conatitiWBfti 
of  Ibod  which  are  not  conyerted  into  living  tiaBoe ;— an  in&r- 
enoe  whidi  so  follj  harmonises  with  the  doctrine  of  the  direet 
oonYertihility  of  these  two  forces,  now  established  as  one  of 
the  surest  results  of  physical  inrestigalion,  as  to  have  in  itself 
no  inherent  improbabili^.  Of  the  conditions  whidli  deter- 
mine the  generation  of  motor  force,  on  the  one  hand,  from  the 
disintegration  of  muscular  tissue,  on  the  oUier  fircMn  the  meta* 
morphosis  of  the  components  of  the  food,  nothing  <^^^*^*»  can 
ai  present  be  stated ;  but  we  seem  to  have  a  ^ieal  ^i^^'^jh 
of  the  former  in  the  parturient  action  of  the  uterus,  whose 
muscukr  substance,  built  up  for  this  one  effort,  forthwith 
undergoes  a  rapid  retrograde  metamorphosis ;  whilst  it  can 
scarcely  be  regarded  as  improbable  that  the  constant  actiyitj 
of  the  heart  and  of  the  respiratory  muscles,  which  gives 
them  no  opportunity  of  renovation  by  rest,  is  sustained  not  io 
much  by  the  continual  renewal  of  their  substance  (of  which 
renewal  there  is  no  histological  evidence  whatever)  as  by  a 
metamorphosis  of  matters  external  to  themselves,  supplying 
a  force  which  is  manifested  through  their  instrumentality. 

To  sum  up :  The  life  of  man,  or  of  any  of  the  hig^ber 
animals,  essentially  consists  in  the  manifestation  of  forces 
of  various  kinds,  of  which  the  organism  is  the  instrum^it ; 
and  these  forces  are  developed  by  the  retrograde  metamor^ 
phosis  of  the  organic  compounds  generated  by  the  iostru- 
mentality  of  the  plant,  whereby  they  ultimately  return  to  the 
simple  binary  forms  (water,  carbonic  .add,  and  ammonia), 
which  serve  as  the  essential  food  of  vegetables.  Of  these 
organic  compounds,  one  portion  (a)  is  converted  into  the 

*  On  these  last  pdnts  refereooe  Is  espedsllj  made  to  the  reoem  expart 
ments  of  Dr.  Edward  Smith. 
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•alMtance  of  the  Hying  body,  by  a  constmctiye  force  which 
(in  BO  fisur  as  it  is  not  supplied  by  the  direct  agency  of  external 
heai)  is  developed  by  the  retrograde  metamorphosis  of  another 
portion  (&)  of  the  food.  And  whilst  the  ultimate  descent  of 
the  first-named  portion  (a)  to  the  simple  condition  firom  which 
it  was  originally  drawn,  becomes  one  source  of  the  peculiarly 
a-nirn^l  powcrs — the  psychical  and  the  mo^or— exerted  by  the 
organism,  another  source  of  these  may  be  found  in  a  like 
•metamorphosis  of  a  further  portion  (c)  of  the  food  which  has 
never  been  converted  into  living  tissue. 

Thus,  during  the  whole  life  of  the  animal,  the  organism 
is  restoring  to  the  world  around  both  the  materiaU  and  the 
forces  which  it  draws  from  it ;  and  after  its  death  this  resto- 
ration is  convicted,  as  in  plants,  by  the  fmal  decomposition 
of  its  substance.  But  there  is  this  marked  contrast  between 
the  two  kingdoms  of  organic  nature  in  their  material  and 
dynamical  relations  to  the  inorganic  world — ^that  whilst  the 
vegetable  is  constantly  engaged  (so  to  speak)  in  raising  its 
oon^K>nent  materials  from  a  lower  plane  to  the  higher,  by 
means  of  the  power  which  it  draws  from  the  solar  rays,  the 
animal,  whilst  raising  one  portion  of  these  to  a  still  higher 
level  by  the  descent  of  another  portion  to  a  lower,  ultimately 
lets  down  the  whole  of  what  the  plant  had  raised ;  in  so 
doing,  however,  giving  back  to  the  universe,  in  the  form  of 
heat  and  motion,  the  equivalent  of  the  light  and  heat  whidi 
the  plant  had  taken  from  it. 
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fnawi  tboi^t  aludi  perraiks  tlus  book  ii  bejioad  dooM  the 
It  tbai  tbe  hmnaa  miml  hM  fct  nwlied.— X  T.  riiiigiiiiitur 
Hioae  Tho  bare  read  the  work  od  Education,  wQI  janembs  Hm  nft- 
Jtflie  tcndoic;  of  tbe  ■otbor's  mind — bia  dear  pjceptina  and  aAafaaUs  ex- 
'  pMition  of  fliat  priDdpl«g — hb  «id«  gtasp  oT  i»rt»— >iia  ImM  and  ?%mom 
t^rlc,  and  tbe  constant  and  controlling  bearing  of  Bie  dtaensrioa  <«  [vartia] 
pHolta.  'ncM  tiwla  diaraderize  all  Kr.  facer's  writing  and  marie,  in 
It  degree^  the  p(«s<iit  tolonte. — JIT.  T.  7H6iuu. 

^  We  re^rd  the  diMingnishing  fealnie  of  Hat  work  M  be  tbe  pecoliailj 
bterealing  chancter  of  iU  matter  to  Ote  goirtal  reader.  'Hiia  ii  m  gmt 
litnai;  aa  veO  aa  pluloeophic  Inomph.  In  l^e  cvolnuon  of  a  ETStem  of 
Pbilosopb;  which  dcmaoda  Bcrioof  attention,  and  a  ke«o  dcrdsc  of  the  in- 
tellect to  fathom  and  appivciaie,  be  ha?  nuc^ed  much  Ibat  ia  reollj 
d  entertaining.— JfofAodT  DtmomL 
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Part  Fasr.—Thti  FniTuwoWe. 
.   Religion  uid  Science;   Q.  Ultimnto  Religious  Ideas;   UL 


P*iT  Ssooan. — Zok*  of  lAt  KnoaabU. 

I,  Lt«s  in  Oenoat;  H.  Tho  I^«  of  Evolution;  d.  Tbe  aune  con. 
liDBed;  IT.  Tha  Cansea  of  Evolution;  T.  Space,  Time,  Uattcr,  Motion,  ud 
Force;  TL  The  IndeatraotiMitj  of  Mailer ;  VU.  TheContinuity  of  Motion ; 
VnL  The  Peraislenco  of  Force ;  EX.  Tlie  Correlation  and  Eqainttence  of 
Forces;  S.  The  Diref  lion  of  Motion ;  XL  The  Rhylhm  of  Motion;  yif.  Tha 
Conditions  EsBcntiul  to  Evoluiioo;  XUI.  Tlie  InstabiUtf  of  the  Homoge- 
neous ;  UV.  Tbe  MulUplicaUon  of  EITectfl ;  XV.  Differentiation  and  Inle- 
gistion;  XVI.  EquililiratioD ;  SVIL  Bmmnai;  and  GoudUBion. 

In  the  first  port  of  tlua  wurk  Mr.  Spencer  dcflnet  the  province,  limita,  and 
njutions  of  rcligioQ  and  Bcieucc,  and  dutemiinea  the  legitimutu  acope  of 
philosophy. 

In  part  second  he  unfolds  those  fimduaeotat  prindples  which  haxe  been 
arriTed  at  within  the  epbcre  of  the  knowable ;  which  are  true  of  all  ordera 
of  phcnoncma,  and  thus  constitute  the  fonndatian  of  all  philosophy.  Tlia 
Un-  of  Evolution,  Mr.  Spencer  maintains  to  be  univeraal,  and  he  has  hen 
woticod  it  out  as  tbe  baais  of  hia  lyatcm. 

These  First  Priuciplca  are  tho  foundatian  of  a  BjEtcm  of  Philosophy 
bolder,  more  eLubonitc,  and  comprchcn^ve  pcriiapg,  than  any  other  vhicb 
Has  l>ecii  hitherto  deai^icd  in  Engknd. — Brttish  Qvarier^  SenUtD. 

A  wortc  loflj  Id  aim  and  remarkable  in  execution. — ComAiU  MagoMni, 

In  the  works  of  Herbert  Spencer  ve  have  the  nidfanealB  of  a  podtiTe 
Theology,  and  an  immense  step  toward  the  perfection  of  Uie  sdoice  of  Fay- 
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'    9  foreahadowcd  somc_atrun^argiimeDt:<  for  the  doctrine  of  a  post- 


tire  Christian  Theology. — A'™  Engtan 

As  far  as  the  frontiers  of  knowledge,  where  the  mtcDvct  may  go,  there  Is 
no  Jiving  man  whose  gnidanco  may  more   saJclj  be  t — '■'       '■'—"- 
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It  d^MTTDi  TGiy  lilgh  pniM  kr  tbe  ablllt7,  ckaraeBa.  uid  A>rco  ^tfa  Irhlch 
It  1i  written,  uhI  wkiuh  finClU«  Lt  Vj  Ulo  cbwter,  now  »  rar^  of  m  nully  lat^ 
■Linaal  book.— ^ortt  JlrttM  Steltv. 

A  icDuikibre  work Iklr.  Spenccceihlblta,  ud  eiMUls  vlth  n- 

spoolet  which  rumiUii  fet  lo  bq  olfectviL — BrUluh  Qtttirterii/  Rtvlft^. 

Aa  lorjalff  oondactod  Uuonghout  wllli  cl«roe«,  guod  Iffrnper.  Mil  stiiot 
toglo-  ....  WeiHillbomlAtftkuilf  chlAboat  dunut  ufllat  laarpmlBLai;  (hftt 
bqgQ  HUB!  of  ^oufEht  wbleh,  tat  wuit  of  ■  moro  ApoclflD  tuehh.  la  uaw  adlcU 
UlMnl  OplBloiL— JbVMaufli, 

It  !■  thi)  mmt  cIoqneDt.  lbs  most  InUreatliig.  tbo  most  clcarlf-cilireand  ud 
loglMlljr-rmonsd  woit,  wUh  yLoitb  iho  most  origlnol,  that  h»  apiAwred  la  tha 
wciaaaiiaKKitiviMtj.~LiUraiy  Gatttt. 

Tbs  ■DthoT  dFUh  present  work  1>  no  ndliuTy  tblnlisr,  nod  no  ordinaij  wrt- 
t«T;  and  be  glw  ass  1^  Ivi^af^  that  jipiirklofl  vLth  boautlUt  aad  lu  nuoiiLDg 
at  onoe  oovnl  and  4labunitf,  prtcba  and  lo^lnl^  a  TB17  eomprehontfTO  and 
nnuptete  aipsalUon  at  thn  rights  of  men  In  todelf.  ....  Th«  book  wIU 
niaik  an  epscb  in  the  lltentniu  of  •clentlBo  monlltr.— JStunmiM. 

Va  KmetDber  no  work  oQ  etUoa  ^uiw  that  of  Splooia  to  bs  oompursd  wllli 
Ittn  tha  ilmpllclty  of  lU  premliei,  and  the  lofrica]  riganiwllh  whkb  acon- 

•D  KtenUSs  In  iplrtt  and  molliod.  and  ao  popaUi  In  oieenUon,  we  sball  look  In 
Tain  tax  Ihrough  Ubnrlu  of  poUUcal  pbUoaopbj.— £«d«r. 

Ths  anfDl  reodins  wa  hnie  (IreD  it  haa  both  alttordod  ni  Inteiaa  plraiun. 
•Bd  renderod  IG  a  dntf  to  o^roaa.  wlUi  nnunal  aniphanlTi  our  oploloa  of  Ita 
gnttabllltj  and  ais«Uinca— JTofuoivlirmML 
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Vrom  the  Amorloaii  JonnuJ  ot  Bolaiioe.— WiUi  ill  tho  ABl  whleh  biu 
Ln  Oro«t  Brll»lB.  Profiator  TjTi4ai 
vnJajA  tht  advuiUgD  or*  BDpcrlargeiunloDltnrOiiDd  Lilhui  ciub]«d  toaet  Ajrth  hift 
pUlouiihr  vltli  all  the  gnaw  of  eloqmniu  lai  Ihe  Oaitb  of  niperior  dloDmi.  With  i 
Bimplicllr.  md  nbKnca  ot  Iwhnlcidllk*,  wUdi  rendu  his  eiplutMlotia  Inoid  to  bb- 
Bolenttflc  mlDda.  and  Bt  the  u>UB  tUoe  1  thoroflghncn  BAd  DTl^lbidftf  by  m-hlch  he  la- 
stncl'  the  juDflt  liAnted.  be  unfOUIs  jdl  the  modcra  pbiloHphy  of  hut,    IIlA  vorit  tikct 

nut  at  DbflA  BA  i  flIUBiC  Upflb  the  BDbJVCl. 

New  York  Tb&ea.— FroAMOf  lyndall'iManoof  lectnmiHiheatliaDtaf  Ita 
mon  betntUU  tllDgtntlBDB  irf  B  mods  of  hwidUDg  BduBtlflB  >iib]«U.  wUeh  la  aim- 
pantively  tJev,  Bbd  wbteb  pmslBCB  the  beat  roBultB,  bgth  Xo     '  -  -    - 

(BOBnllj;  WB  meu  tfae  tmlnHDt  of  BDl:j«ctBlD  Bstjl««t  ob 
lor.    Tbe  Utle  of  PnftnOTTjndalTlwvrk  IsdlcstcB  Uietbeot7<tf  heal  held  bfUm, 
ud  luleed  the  DDlf  oae  now  belil  bf  BOlentUlc  mcD— i(  fi  a  modi  ^moMvit. 

Boaton  Joum&L — Hb  ejchlbltB  tbd  cmrtiHiB  uid  bcandfol  wwkingt  of  utore  In 
muoglilcl^btruliniinna-.  Bi'fun  the  reader  iwUdeB  of  water  knb  themBelFM  w  fl/ 
aniKlDrwlUi  amorempnt  rcf^lBted  likgaduea.  TberlbnB  ItaemaelTH  inU>  liquid 
floirrn  nitb  fioe  aeml-.'d  petslr,  or  lota  nMetlm  of  trouB  gania ;  Ihey  bonitd  upssnl 
la  boDlng  nnmlabii,  or  aeep  iIdhI}'  aninrd  In  iCiipcDdoiia  gladsra,  Ftamea  bnni  lele 
Boak  ud  bIq0i  V  u«ao  Ut  alng,  aa  the  eitpcrlmtDlcr  pleaaca^  and  molala  paint  tbBm- 
Mlna  opOB  BBoeen  In  danllng  haatt  aa  Ibepalnler  toucbeabiafuiTaa. 

Jtaw  Tork  TribTUM.— The  nun  ortglBal  and  Impofturt  cODtribatlon  that  haa 
jet  boen  nude  to  the  Iheorj  and  Uleratnre  of  tbenrjotlea, 

SeientlJla  AJswrioaii.— The  work  t>  wHtteD  In  a  dunning  «r1a,  and  la  Iha 

7eBB.    It  U  the  moil  popalai'  eipoalClon  of  the  drnandeal  Ibencr  of  heat  that  haa  jet 
appeartd.    The  old  nxaleria]  thecvj  of  heat  may  be  Hid  to  b«  defunct. 

Xioniarilla  Democmt.— Tbia  la  one  of  the  nwM  dellghtfU  telsntUla  wertiw* 
—     -  "  dl  of  lllo  and  Bplrtt  that  wi 

lanl  expalueiita  In  e* 
n^  thaarr  la  ao  canfbJl  j  and  thoroDghly  explained  thai  nt 
It.    Bush  bookJ  aa  tbcM  e>  -        -        - 

DrTyndalTBe 
thoD^btfnl.  in^renUHUi  cT 


Any  of  these  Books  eotU  hy  MaU^free  o/fostagsj  an 
Tscevpt  o/ihepnee. 
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ALLEN'S    Philosophy  of  the  Mechanics  of  Nature. 

Illustrated.     Syo,  $4  00. 

ANTISELL,  on  the  Mannfactore  of  Photogenic  or  Hj- 
dro-Carbon  Oils.    Sto,  doth,  $2  00. 

APPLETONS'  QydopaBdia  of  Drawing— a  Text-Book 

for  the  Mechanic,  Architect,  Engineer,  and  Survejor.  1  hand- 
some ToL  royal  8to.  Profbsely  illustrated.  New  and  reyised 
edition,  with  many  additional  illustrations.  Cloth,  $6  00.  Half 
morocco,  $7  60. 

APPLEnX)N.  Dictionary  of  Medianics,  Machines, 
2ngine  Work,  and  Engineering,  containing  over  4000  illustra- 
tions, and  neaiiy  2000  pages.  An  entirely  new  edition,  roTised 
and  corrected.  With  additional  steel  plates.  Complete  in  2  toIa. 
large  Sto.    Strongly  and  neatly  bouml  in  half  morocco,  $12  00. 

Mechanics'    Magazine    and    Engineers' 

Journal    Vol  XL,  1862.    Cloth,  |S  60. 

BASSNETTS  Theory  of  Stonos.    1  vol.  12mo,  doth, 

|1  26. 

BOUBNE,  JOHN.  A  Catediism  on  the  Steam  Engine. 
New  reyised  edition,  with  Oluetrations.    12mo,  doth,  |2  00. 

BBEWEB'S  North  American  Oology.  PartL  Colored 
plates.    4to,  dotii,  $5  00. 

BUDGE'S  Practical  Miner's  Guide.  New  and  enlarged 
edition.    Sto,  doth,  $2  00. 

BUBGESS'S  Photograph  Manual ;  A  Practical  Treadse, 

oontainhig  the  Carte  de  Yisite  Plroceas,  and  the  Method  of  TaJdqg 
Stereoscopic  FSetores.    12iiio,  doCfa|  t^  26. 
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Scientijic  Works  of  2>.  Ajppleton  d  Co.  S 

GUYOT'S  Meteorological  and  Physical  Tables.     1  vol 

8vo,  paper,  $2  00. 

HALLECE'S  Elements  of  Military  Art  and  Science* 

New  and  revised  edition.     12mo,  cloth,  $2  00. 

HAUPT,  H.     Theory  of  Bridge  Construction.     TVith 

practical  illustrations.     Svo,  cloth,  $3  60. 

HENCK'S  Field  Book  for  BaHroad  Engineers.     1  voL 

I2mo,  tuck,  $2  60. 

The  Same.     1  vol.    Half  bonnd,  $2  00. 

HOLLY'S  Designs  for  Conntry  Seats,  Country  Churches, 
City  Buildings,  Railway  Stations,  &c  1  handsome  toL  Sto, 
cloth,  $3  60. 

HUXLEY'S   Man's  Place  in  Nature.      1  vol.  12mo, 

$1  25. 

On  the  Origin  of  Species.  1  vol.  12mo,  $1  00. 

JEFFERS.    Theory  and  Practice  of  Naval  Gunnery. 

8vo.    Illustrated,  $3  00. 

JOHNSTON'S  Chemistry  of  Common  Life.      2  vols. 

12mo,  cloth,  $2  60. 

LAFEVER,  (M.)      Beauties  of  Modern  Architecture. 

40  plates.     8vo,  $4  60. 

LIEBIG'S  Natural  Laws  of  Husbandry.     1  vol.  12mo, 

cloth,  |1  60. 

LYELL'S  Manual  of  Elementary  Greology.  New  edi- 
tion, enlarged  and  revised.  1  large  vol.  Sto,  with  760  wood- 
cuts.    Cloth,  $3  00. 

Principles  of  Geology.  New  and  revised  edi- 
tion.   1  laige  ToL  Sto,  doth,  $3  00. 

MARTIN'S  Screw  Cutting  Tables,  for  the  use  of  Me- 
chanical Engineers.    Oblong.    Cloth,  60  cents. 

MORIN'S  Practical  Treatise  on  Mechanics.    Translated 

by  BennetL     1  toI.  8vo,  cloth,  $3  60. 

NICHOLSON'S  Guide  to  Railway  Masonry,  containing 
a  Complete  Treatise  on  the  Oblique  Arch.    Sto,  doth,  $S  60. 

OVERMAN,  (F.)  Metallurgy;  embracing  Elements 
of  Mming  Operatioxu,  Analyzation  of  Ores,  &c.  Blostrated. 
8vo,  cloth,  $6  00. 
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